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ABSTRACT 

The purpose of this program was to obtain preliminary mechanical- 
and thermal-property design data on some of the newer titanium alloys.   Three 
sheet alloys (Ti-5Ai-5Sn-5Zr, Ti-5Al-5Sn-5Zr-lMo-lV, and Ti-6Al-2Sn-4Zr- 
2Mo) and two bar alloys (Ti-5Al-5Sn-5Zr and Ti-679) were studied.    Tests were 
performed to obtain data on the following properties:    tensile, compression, 
bearing,  shear, thermal exposure, creep, axial fatigue, fracture toughness, 
stress corrosion,  impact, dynamic modulus,  thermal conductivity,  thermal 
expansion, and specific heat.    In general these properties were determined 
over the temperature range from 70 to 1000° F, with most properties being 
measured at 70, 400, 600, 800 and 1000° F. 

Results of the tests show that the new Ti-6Al-2Sn-4Zr-2Mo sheet al- 
loy has well-balanced properties; with short-time strength at all temperatures 
comparable to or higher than those of other alpha-beta alloys and higher long- 
time strength 'creep) than other alpha-beta alloys to which it was compared. 
The Ti-679 bar alloy also exhibited generally high strength over the tempera- 
ture range at which properties were studied. 

This abstract is subject to special export controls and pach trans- 
mittal to foreign governments or foreign nationals may be made only with 
prior approval of the AF Materials Laboratory (MAAM), Research and 
Technology Division, Wright-Patterson AFB, Ohio 45433. 
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MECHANICAL AND THERMAL PROPERTIES OF 
HIGH-TEMPERATURE TITANIUM ALLOYS 

INTRODUCTION 

Recent titanium-alloy development programs have resulted in several 
alloys that seem to have superior properties at elevated temperatures to 
other titanium alloys that have been commercially available in recent years. 
The potential of these new alloys for airframe and engine applications needs 
to be more thoroughly evaluated by determinations of mechanical and thermal 
properties over the temperature range of potential applications.   Such evalua- 
tion programs will further establish the limiting time-temperature conditions 
and provide design data for maximum utilization of the alloys.   As a step to- 
ward accomplishment of these objectives, the Air Force initiated a program 
at Southern Research Institute to evaluate the mechanical and thermal proper- 
ties uvi to 1000° F for three titanium alloys in sheet form and two alloys in bar 
form. 

SCOPE 

The alloys that were selected for evaluation in sheet and bar form 
are shown in Table 1.   The considerations involved in the selection of each 
of these alloys will be discussed in a subsequent section of this report. 

Table 1 

Alloys and Product Forms Evaluated 

Bar          Sheet  
Ti-5Al-5Sn-5Zr      Ti-5Al-5Sn-5Zr 
Ti-679 Ti-5Al-5Sn-5Zr-lMo-lV 

Ti-6Al-2Sn-4Zr-2Mo 

The experimental program was designed for a comprehensive evaluation of 
properties from one heat of each alloy-product form combination and for 



•»valuation of the tensile properties from an additional heat of each alloy- 
proauct form. Table 2 summarizes the evaluations £iat were performed 
on the sheet and bar forms of the alloys. 

Table 2 

Summary of Evaluations for Sheet and Bar 

Property Product Form Temperatures, °F 

Tensile Sheet and Bar ET to 1000 
Compression Sheet and Bar RT to 1000 
Shear Sheet and Bar RT to 1000 
Exp os u r e - tens i le Sheet and Bar 600, 800, 1000 
Exposure-shear Sheet 600, 800, 1000 
Over exposure-tensile Sheet and Bar 1100, 1150   1200 

600 to 1050 Creep Sheet and Bar 
Axial ."atigue Sheet and Bar RT, 400, 800 
Dynamic modulus Sheet and Bar RT to 1000 
Fracture toughness Sheet and Bar RT, -110,  40C 
Impact Bar RT, 400, 600, 800 
Stress corrosion ?v eet 500 to 900 
Thermal conductivity Sheet and Bar RT to 1000 
Thermal expansion Sheet and Bar RT to 1000 
Specific heat Sheet and Bar RT to 1000 

a. Determined at different temperatures for different alloys. 

Tables 107 and 108,  in Appendix in, give additional details of the me- 
chanical-property evaluations for the sheet and bar alloys respectively.   Table 
109, also in Appendix III, shows a summary of the thermal properties that were 
determined.   These tables show the orientations evaluated, additional details 
concerning the test conditions, and the number of specimens evaluated at dif- 
ferent temperatures and under different conditions. . 



EXPERIMENTAL ALLOYS 

Selection 

Since the primary interest of this program was in titanium alloys for 
applications at high temperatures, only the super-alpha alloys were considered 
for the program.    The original choice of alloys for evaluation was as follows: 

(1) Ti-5Al-5Sn-5Zr 
(2) Ti-5Al-5Sn-5Zr-lMo-lV 
(3) Ti-679 

with all three allov:; scheduled for evaluation in sheet form and the Ti-5Al-5Sn- 
5Zr and Ti-679 a-    ys additionally scheduled for evaluation in bar form. 

Although the Ti-5AI~5Sn~5Zr alloy has been evaluated in previous in- 
vestigations, there was a twofold purpose for including this alloy in the pre- 
sent program.   First, since the alloy is established as a good high-temperature 
alloy, inclusion of the alloy in this program provided reference properties 
against which the properties of the new alloys could be compared in the same 
product form and under the same experimental conditions.   Second, although 
data have been obtained on the tensile and creep properties of the Ti-5Al-5Sn- 
5Zr alloy, many of the other properties that were studied in this program had 
not been determined for the alloy. 

The third sheet alloy originally scheduled for evaluation was the 
Ti-679 alloy.    This alloy was introduced by Imperial Metal Industries, Ltd., 
in Britain as IMI 679.   Its nominal composition is 2. 2% Al,  11% Sn,  5% Zr, 
1% Mo and 0. 2% Si.    The microstructure contains a dispersion of titanium- 
silicide particles after solution annealing at 1650° F and aging at 930° F, which 
is thought to contribute to the high strength of the alloy.    The principal use of 
the alloy in Britain has been for forgings.    Titanium Metals Corporation of 
America (TMCA) obtained a license for producing the alloy in this country and 
have continued its development.   Preliminary data showed that the alloy also 
had good high-temperature strength in sheet form, which was the primary rea- 
son for including it in the original selection of sheet alloys for this program. 
Additional data that became available at the time the alloys were being 
selected showed that the Ti-679 alloy had relatively poor fracture toughness 
in sheet form.   For this reason the Ti-679 sheet was eliminated from the 
program.    The alloy selected to replace the sheet form of Ti-679 was a very 
new composition which TMCA suggested after a preliminary evaluation.    The 
nominal composition of the replacement alloy was Ti-6Al-2Sn-4Zr-2Mo.    The 
preliminary data showed that the Ti-6Al-2Sn-4Zr-2Mo had comparable tensile 
strength to the Ti-5Al-bSn-5Zr-lMo-lV alloy from room temperature to 
1000° F which, at all temperatures, is significantly higher than the tensile 
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strength of the basic Ti-5Al-5Sn-5Zr composition.   Also, from preliminary 
tests the Ti-6Al-2Sn-4Zr-2Mo composition seemed to have creep strength 
comparable to the high creep strength of the Ti-5Al-5Sn-5Zr alloy.   Tensile 
tests at room temperature on specimens which were exposed at 800, 1000, 
and 1100° F for 150 hr in creep tests in the early evaluations suggested that 
the alloy had good thermal stability. 

In the original program schedule, experimental materials of each alloy 
and product form were to be procured from two producers.   However, most of 
the alloys were not available from more than one producer except from small 
ingots that would have to be produced especially for the program.    After con- 
sidering the cost for these special heats and the undesirability of using material 
from small ingots in the program, we recommended that the material represent- 
ing two heats of each alloy-form be procured from a single producer, Titanium 
Metals Corporation of America. 

Processing 

The processing sequence for each experimental material is summarized 
in the following paragraphs. 

A. Ti-5Al-5Sn-5Zr Sheet (Heats D-8060 and D-1793) 

1. Ingots were press forged 16-in. square from 2050° F and to 3 x 12-in. 
sheet bars from 1950° F.   The slabs were conditioned and ultrasonically 
inspected. 

2. Sheet bars were cut and rolled to intermediate size from 1880 - 1900° F, 
descaled, acid pickled, and the surfaces conditioned to remove defects. 

3. The material was finish rolled from 1750° F, descaled and acid 
pickled, anneal-flattened at 1350° F (8 hr), and rough ground. 

4. Sheets were final annealed at 1650° F (1/2 hr) A.C., descaled, finish 
ground, acid pickled, and tested as 0. 040-in. gage. 

B. Ti-5Al-SSn-5Zr-lMo-lV Sheet (Heats V-2957 and V-1991) 

1. Ingots were press forged to 7 x 11-inch sections from 2050° F and to 
3 x 12-inch slabs from 1950° F, conditioned, and ultrasonically in- 
spected. 

2. Sheet bars were cut and rolled to intermediate size from I860" F, de- 
scaled, acid pickled, and the surfaces conditioned to remove defects. 



3. The material was finish rolled from 17001" F, descaled and acid 
pickled, anneal-flattened at 1350° F (8 hr), and rough ground. 

4. Sheets were annealed at 1550° F (1/2 hr) A.C., descaled and rough 
ground, annealed at 1400° F, (1/4 hr) A.C., descaled, finish ground, 
acid pickled, and tested at 0. 040-inch gage. 

C. Ti-6Al-2Sn-4Zr-2Mo Sheet (Heats V-3016 and V-3076) 

1. Ingots were press forged to 7 x 11-inch section (V-3016) or directly 
to 3 x 12-inch slab (V-3076) from 2050° F, and in the case of V-3016 
to 3 x 12-inch slab from 1950° F, conditioned, and ultrasonically in- 
spected. 

2. Sheet bars were cut and rolled to intermediate size from 1790 - 
1800° F, descaled, acid pickled, and the surfaces conditioned to 
remove defcis. 

3. The material was finish rolled from 1750° F, descaled and acid 
pickled, anneal-flattened at 1350° F (8 hr), and rough ground. 

4. Sheets were annealed at 1650° F (1/2 hr) A.C., descaled and rough 
ground, annealed at 1450° F (1/4 hr), A. C., descaled, finish ground, 
acid pickled, and tested at 0.040-inch gage. 

D. Ti-5Al-5Sn-5Zr Bar (Heats D-8060 and D-1793) 

1. Ingots were press forged 16-inch square from 2050° F, and to 4-inch 
square billets from 1950° F. 

2. Billets were thoroughly conditioned and ultrasonically inspected. 

3. Billets (4-inch square) re-cogged to 2-1/2-inch square from 1950° F 
(2" x 6" x 16" pieces of D-1793 pressed slab were hammer forged to 
2-1/2-inch square from 1950° F), conditioned, rolled to 1/2 x 1-1/8- 
inch bars from 1925° F, and descaled. 

4. Rolled bars were annealed-straightened at 1650° F, 2 hr, A.C., 
descaled, and tested. 

E.    Ti-679 Bar (Heats D-7274 and D-8427) 

1.   Billet stock (D-7274 - 8" round and D-8427 - 12" octagon) were 
press forged to 4-inch square billets from 1675" F, conditioned, 
and ultrasonically inspected. 



2. Billets (4-inch square) were re-cogged to 2-1/2-inch square from 
1675 - 1700° F, conditioned, rolled to 1/2 x 1-1/8-inch bars from 
1675° F, and descaled. 

3. Rolled bars were annealed-strai^jjfcened at 1650° F, 2 hr, A.C. + 
930° F, 24 hr, A.C., descaled, and tested. 

Heat Treatment 

The selection of the final heat treating cycle for each sheet and bar alloy 
was based primarily on recommendations by TMCA.   These recommendations 
were made on the basis of production experience with some of the alloys and on 
preliminary laboratory data for other alloys.    Table 3 shows a summary of the 
final heat treatments for all the experimental materials. 

Table 3 

Summary of Heat Treatments for the Experimental Alloys 

 Alloy Form                Heat Treatment  

Ti-5Al-5Sn-5Zr Sheet 1650° F, 1/2 Hr, A.C. 
Ti-5Al-5Sn-5Zr-lMo-lV Sheet 1550° F, 1/2 Hr, A.C. + 1400° F, 1/4 

Hr, A.C. 
Ti-6Al-2Sn-4Zr-2Mo Sheet 1650° F, 1/2 Hr, A.C. + 1450° F,  1/4 

Hr, A.C. 

Ti-5Al-5Sn-5Zr Bar 1650° F, 2 Hr, A.C. 
Ti-679 Bar 1650° F, 2 Hr, A.C. + 930° F 

As this table shows, the all-alpha alloy, Ti-5Al-5Sn-5Zr, was evaluated 
in the solution-annealed condition.   Of the alpha-beta alloys, the two sheet ma- 
terials were solution-annealed and then held for 1/4 hr at 1400° F (Ti~5Al-5Sn- 
5Zr-lMo-lV) or 1450° F (Ti-6Al-2Sn-4Zr-2Mo).    This final treatment was to 
simulate the hot-sizing operation that is usually used in forming titanium-alloy- 
sheet-parts to achieve trie final dimensions of the part.   It is recognized that 
higher strength could be achieved by aging the Ti-5.U-5Sn-5Zr-lMo-lV and 
Ti-6Al-2Sn-4Zr-2Mo alloys at about 1100° F after either the solution-anneal or 
after the hot-sizing thermal treatments (1/4 hr at 1400-1450° F), as may be 
seen from preliminary data supplied by TMCA1 and shown in Figures 1 and 2. 
The two alpha-beta alloy sheet materials, were evaluated in the annealed + hot 
sizing treated condition because it was anticipated that this would be the condi- 
tion in which most of the sheet would bf; used. 

1  Superscript figures indicate references. 
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The Ti-679 alloy was evaluated in the solution-treated-plus-aged condi- 
tion which is normally used for tne alloy. 

Properties of As-Received Materials 

The quantity and icentification of the sheet and bar alloys that were pro- 
cured for the program is shown in Table 4.   As mentioned previously, material 
from two heats was procured for each sheet and bar alloy in sufficient quanti- 
fies for the determination of ail properties from one heat (A) and for determi- 
nation of only the tensile properties from the secondary heat (B).    The Ti-5A1- 
5Sn-5Zr alloy sheet and bar were from the same heat.   Table 5 shows the com- 
position (furnished by TMCA) for all the experimental alloys, 

The results of tensile tests performed by TMCA on each alloy are 
given in Table 6.   The strength and ductility properties as given in this table 
for each heat are in reasonable agreement with results we obtained in tensile 
tests at room temperature. 

The hardness of each bar and sheet were checked, for which results 
are given in Tables 7 and 8.   On the bar alloys the hardness was checked at 
one end of each as-received length of the bars, and on the sheets the hardness 
was checked at locations shown in Table 8.    The hardness of the bar and sheet 
were found to be uniform within normal limits of variation.   In addition to the 
hardness measurements, the microstructures were examined of each as- 
received length of the bar materials and each sheet at the five locations where 
hardness measurements were made.   Figures 3 and 4 show typical micro- 
structures for each bar and sheet alloy.    The microstructure was found to be 
uniform at all locations for both product forms. 

9 



Table 4 

Quantity and Identification of Materials 
Procured for the Program 

A and B denote primary heat (all evaluations) and secondary heat 
(tensile evaluations only) respectively of each alloy. 

10 

Item 
No. 

1 

Primary or 
Secondary 

Heat Description Heat No. 

D-8060 A Ti-5Al-5Sn-5Zr, 2 pcs 36 in. x 96 in. 
x 0.040 in. sheet 

2 B Ti-5Al-5Sn-5Zr, 1 pc, 36 in. x 48 in. x 
0. 040 in.  sheet 

D-1793 

3 A Ti-SAl-öSn-SZr-lMo-lV, 2 pcs,   36 in. 
x 96 in. x 0.040 in. sheet V-2957 

4 B Ti-5Al-5Sn-5Zr-lMo-lV,   1 pc 36 in. 
x 48 in. x 0.040 in. sheet 

V-199I 

5 A Ti-6Al-2Sn-4Zr-2Mo, 2 pcs.   36 in. 
x 96 in. x 0.040 in. sheet 

V-3016 

6 B Ti-6Al-2Sn-4Zr-2Mo, 1 pc, 36 in. 
x 48 in. x 0.040 in. sheet 

V-3076 

7 A Ti-5Al-5Sn-5Zr, 70 lin ft,   1/2 in. x 
1-1/8 in. bar 

D-8060 

8 B Ti-5Al-5Sn-5Zr, 16 lin ft, 1/2 in. x 
1-1/8 in. bar 

D-1793 

9 A Ti-679,  70 lin ft, 1/2 in. x 1-1/8 in. 
bar 

D-7274 

10 B Ti-679,   16 lin ft, 1/2 in, x 1-1/8 in. 
bar 

D-8427 
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W&m$$&$& 
Heat No. D-7274 Heat No. D-8427 

Ti-679 Alloy 

Heat No, D-8060 Heat No. D-1793 

Ti-5Al-5Sn-5Zr Alloy 
Figure 3.   Microstructures of the Two Bar Alloys. 

F^hant:   1 ml HF + 2 ml HNOs + 98 ml HaO 
Magnification:   250X 
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Heat Mo. D-8060 Heat No.  D-1793 

Ti-5A.l-5Sn-5Zr Alloy 

Heat No. V-2957 Heat No. V-1991 

Ti-5Al-5Sn-5Zr-lMo-lV Alloy 

Heat No. V-3016 Heat No. V-3076 

Ti-6Al-2Sn-4Zr-2Mo Alloy 

Figure 4.   Micros true ture of the Three Sheet Alloys. 
Etchant:   1 ml HF + 2 ml HNOa + 98 ml H,0 
Magnification:   250X 
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EQUIPMENT AND PROCEDURES 

Tensile, Compression, Bearing and Shear 

Except for the tensile tests on notched specimens, all the tensile, com- 
pression, bearing and shear evaluations as well as tensile tests on thermal- 
exposure, stress-corrosion, and fracture-toughness specimens were performed 
on 120, 000-psi capacity universal testing machines.    These machines have dif- 
ferent load ranges from 0 - 3000 up to their full capacity.   The calibration of 
each load range is checked and, if necessary, adjusted to bring the indicated 
error to within 1% on a 12-month-interval schedule.   Both machines are equipped 
with differential-transformer strain sensing and recording equipment capable of 
strain magnifications of lOOX to 1Ö00X, depending upon the .rxtensometer used 
with the system.   Extensometers were used to record load-strain curves in the 
tensile tests and load-deformation curves in the bearing tests.   In the elevated- 
temperature tensile tests the extensometers were used with a frame which ex- 
tended into the furnace and was attached to the gage points of the specimen. 

A split muffle furnace, which was heated by Nichrorne elements, was 
usea for all of the elevated-temperature tensile, bearing, and shear evalua- 
tions.   Because of their size, the bar and sheet fracture-toughness specimens 
tested at 400  F were heated by quartz-tube, tungsten-element radiation lamps. 
The fracture-toughness specimens tested at -110° F were cooled in a cryostat 
by gaseous nitrogen which was cooled by passage through a copper coil that 
was submerged in liquid nitrogen.    The flow of gaseous nitrogen was regulated 
to maintain the specimen at -110° F.   Chromei-alumel thermocouples and a 
direct-reading milivolt potentiometer were used to measure and control the 
temperature of the specimens at all elevated and low temperatures.   Speci- 
mens were heated to temperature in approximately 15 min and held at tempera- 
ture 15 min before starting the tests.   In these tests the indicated temperature 
was normally maintained within 5° F of the nominal test temperature. 

Figures 5-8 show the specimens that were used for the tensile, 
compression, bearing, and shear evaluations respectively.   Except for the 
compression and bearing tests and the shear tests on the bar alloys, conven- 
tional pin-and-clevis or threaded grips were used for sheet and bar specimens. 

The notched tensile tests, which were not scheduled in the original 
scope of the program, were performed by the Air Force Materials Laboratory 
to obtain data for use in the constant life fatigue diagrams.   All of these tests 
except the elevated-temperature tests on the bar alloys, were performed with 
a Model TT-C Instron testing machine.   A Baldwin FGT   machine was used 
tc test the bar samples at elevated temperatures.   During the tests the cross- 
head rate was controlled at 0. 02 in. /min.   The temperature of the notched 

17 



+ 0.002 —   1/2 NC Thds. 

Figure 5. Specimens for Tensile, Creep, Exposure-Tensile and 
Stress-Corrosion (pheet only) for Sheet and Par Mate- 
rials. 
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S\o. 475 

M 

Figure 6.   Compression Specimens for Sheet 
and Bar Materials. 
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e/D e D 

1.5 0.280 0.18? 

2.0 0.375 0.187 

Figure 7.   Bearing specimen. 
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3/8 D 0.100 

i 

Figure 8.   Shear Specimen for Sheet (a) and Bar (b) 
Materials 

21 



specimens was measured by calibrated chromel-alumel thermocouples which 
were wired to the specimen at the notch and at positions 0. 5 in. above and be- 
low the notch.    The maximum temperature gradient measured in these tests 
was less than ± 3° F of the nominal control temperature.   Smooth tensile 
specimens, shown in Figure 5, were notched for these tests to produce a 
stress concentration factor, K$ » 3.    The sheet specimens were notched 45° 
to a minimum width of 0. 375 in. and root radius of 0. 025 in.   The bar speci- 
mens were notched 45°  to a minimum diameter of 0.187 in. and £ root radius 
of 0. 010 in. 

Special fixtures were used for the compression and bearing tests 
and for the shear tests on the bar alloys as shown in Figures 9 - 12.    The 
subpress for the compression tests on sheet and bar specimeas, shown in 
Figures 9 and 10, was designed to the requirements of ASTM Specification 
E 9-61.   The specimen is deformed by round (for bar) or flat (for sheet) 
platens th t extend into the nickel-support blocks which provide bending re- 
straint for the specimens and serve to conduct heat to the specimen from 
the cartridge heaters.   Strain was sensed at the platens by opposite strain- 
gage extensometers that were located outside the furnace.   The signal 
from the extensometer was recorded against that from a strain-gage load 
cell (after suitable amplification) on an X-Y recorder to obtain the usual 
load-deformation curve.    The bearing fixture, which meets the general re- 
quirements of ASTM E 238-64T, is shown in Figure 11.    Deformation of the 
bearing hole was sensed by the differential-transformer extensometer and 
recorded against load with a conventional autographic recorder.   The special 
fixture for the shear tests on specimens of the bar alloys is shown in Figure 12. 
With this fixture, the specimen is sheared by tool-steel inserts in the fixture. 

Tensile tests were performed at a strain rate of approximately 0.005 
min"   to about 0. 6%-offset and  at 0. 05 min"   to failure.   In the compression 
tests, specimens were strained at approximately 0.005 min"1 to 0. 6%-offset, 
at which point the tests were discontinued.   Bearing and shear tests were per- 
formed at a crosshead rate of approximately 0.005 in. min"1. 
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Creep 

The creep tests were performed with Satec creep machines of 6000, 
12000, or 16000 lb capacity.    These machines are equipped with 3-zone m ffie 
furnaces by means of which temperature gradients in the specimens can be mini- 
mized.   ChromeJ.-alumel thermocouples were used to control and monitor the 
temperature of the specimens.   Besides the control thermocouple for the fur- 
nace, monitoring couples were attached at top, middle, and bottom locations of 
the specimen gage length»   A direct reading milivolt potentiometer was used to 
measure temperatures periodically dicing each test.   Specimens were heated 
to temperature and equalized in 2 to    hr before application of load.    The indi- 
cated temperature was normally maintained within 5° F of the nominal test 
temperature.   In all tests of 100-hr or longer anticipated duration, and in all 
tests on sheet specimens, strain was measured either by platinum-strip ex- 
tensometcrs and a 50X filar microscope or by an extensometer frame and a 
dial gage.   When the anticipated duration of tests on bar-alloy specimens was 
less than 100 hr, or when the anticipated deformation was large, strain was 
sensed fro"n the pull rods with dial gages. 

Axial Fatigue 

Axial fatigue apparatus of the resonating beam type was used in the 
evaluation of the fatigue properties and to fatigue crack the fracture-toughness 
specimens from the shee't alloys.   Figure 13 is a schematic drawing of the 
equipment and Figure 14 shows a general view of the two machines, and re- 
lated apparatus, used in the program.   With this equipment a sinusoidal cyclic 
stress is applied to the specimen by the adjustable eccentric flywheel that is 
attached to one side of the resonating H-frame.   The amplitude of the cyclic 
stress is controlled by the speed and eccentricity of the flywheel.    The mean 
axial load is applied by the load bar and springs located near the top of the 
resonating frame.   A strain-gage load cell, which is in series with the speci- 
men, is used to measure the mean and cyclic stresses.   A nul-balance poten- 
tiometric instrument-.is Used in conjunction with the load cell to set the mean 
stress, and an oscilloscope is used to set and monitor the alternating stress. 

The equipment can be used to obtain fatigue data under most mean-to- 
alternating-stress relationships that are of interest to designers.   Completely 
reversed loading (A = oo or R ■ -1)   can be achieved or combined stress loading 
can be achieved under conditions where the magnitude of the alternating load 
does not exceed the mean load (A = 1 or less, or R = 0 or greater) . 

a     . _   Alternating Stress JJ m  Minimum Stress 
Mean Si-^ess Maximum Stress 
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Figure 15 shows the design of the bar-  and sheet-iype specimens to 
which all specimens were machined early in the program.    The notched ends of 
the bar specimens were machined to fit grips that had been used previously with 
the fatigue equipment for other materials.   In early tests in this program numerous 
failures occurred in the reduced section of the shoulders which necessitated a 
change in the mataod of gripping the bar specimen.    The method adapted was a 
simple friction grip which was clamped to the cylindrical shoulder surfaces of 
the specimens.   For both the sheet and bar specimens, aluminum shims were 
used between the grip surfaces and the specimens to prevent iretting-corrosion 
and failure near the grip-specimen interface.   After the shoulder-failure problem 
was encountered, the scope of the program was revised to use- half of the avail 
able faiigue specimens to determine the fatigue properties of the alloys at a stress 
concentration, K^, of 3.   Notches, as shown in Figure 16, were machined in 
approximately half of the unnotched specimens for these evaluations. 

The method of gripping and heating the bar and sheet specimens is illus- 
trated in Figures 17 and 18.   For the evaluations at 400 and 800° F, temperature 
was measured and controlled by thermocouples that were held in contact with 
the surface ol the specimens by a spring clamp.    Two variable transformers 
and a controller were used to achieve partial on-off control of the temperature. 
With this system the indicated temperature was controlled to within 5° F of the 
nominal test temperature.   Stresses were selected to establish S-N curves 
fro.    104 to 107 cycles.    Tests in which the specimen did not fracture within 
107 cvcles were discontinued. 

Impact 

A Sonntag impact machine with ran^e capacities of 0-25, 0-60, 0-100, 
and 0-240 f c-lb was used for the impact tests.   Figure 19 shows the dimen- 
sions of the standard Charpy V-notch specimen that was used.    For evaluations 
at 400, 600, ana 800° F specimens were heated in a small electric muffle fur- 
nace.    They were heated to 10" F above the desired temperature at impact to 
compensate for the decrease in temperature during transfer from the furnace 
to the testing machine, which required less than 5 seconds. 

Fracture Toughness 

Fracture-toughness was determined for the sheet alloys from center- 
notched, fatigue-cracked specimens, shown in Figure 20, and for the bar alloys 
from edge-notched, fatigue-cracked specimens, shown in Figure 21.   An axial- 
fatigue machine, described previously in this report, was used to fatigue crack 
the sheet specimens.    The bar specimens were fatigue cracked by a motor- 
driven eccentric cam that flexed the free end of the specimen.    The specimen 
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Figure 16.   Notched Section of Fatigue Specimens for 
Sheet (above) and Bar (below) Materials. 
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was supported as a cantilever beam such that the notched edge of the specimen 
vvas loaded in tension as the free end was deflected.   A universal testing machine, 
suitably instrumented, was used to perform the fracture-toughness tests.    Quartz- 
tube, tungsten-element lamps were used to heat the specimens for tests at 400° F. 
For the tests at -110° F, the specimens were cooled in a gas cryoslat by gaseous 
nitrogen that was refrigerated by passage through a copper coil immersed in a 
flask of liquid nitrogen.   The gaseous nitrogen was metered into the cryostat 
through a solenoid valve that was actuated by the signal from a thermocouple in 
contact with the specimen at the notch. 

A compliance gage, which has been described in detail in another report3, 
was used with both sheet and bar specimens to determine the load at which crack 
extension occurred.   Figure 20 shows the compliance gage attached to a sheet 
specimen.   The sensitive elements of the compliance gage are resistance strain 
gages which were bonded to the flexure spring of the compliance gage.    The 
signal from the compliance gage v/as recorded against load on anX-Y recorder. 
An acoustical pick-up was attached to the specimen near the crack in an attempt 
to detect "pop-in. "   The signal from this pick-up was recorded against deforma- 
tion on another X-Y recorder.   Figure 22 is a reproducdon of a load-extension 
curve for a sheet specimen on which the quantities measured for calculation of 
the fracture toughness are noted. 

The plane-strain fracture toughness of the bar and sheet alloys and the 
plane-stress fracture toughness for the sheet alloys were calculated from formulae 
which are discussed in the literature4'7.   The symbols in these formulae are given 
on pages xxix and xxx of this report. 

(Bar alloys)        KIC (or Knc) . (P/B)M/w( 7. 59 a/w - 32 (a/w)* + 117 (a/w^ 
r  Xi - f2)        
+   eP      /139 (a/w) - 221 (a/w)2 + 783 (a/w)3 (1) 

(Sheet Alloys)    % (or Knc) *j& Y-Ti'* (2) 

(Sheet Alloys)    Kc =/o-2w tan IT a/w (3) 

Stress-Corrosion 

The stress-corrosion work on the sheet alloys was performed in two 
stages:  A, to determine the minimum susceptibility for stress-corrosion of 
each sheet alloy and, B, to determine the degradation in tensile properties of 
the sheet alleys after exposure of dry-salt-coated specimens at different 
time-temperature-stress parameters.    The self-stressed specimen developed 
by NASA2 was selected for the preliminary tests.   Figure 23 shows th? details 
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of the specimens.    The bend angle of the ends of the strip was selected to pro- 
duce a nominal maximum stress of 100,000 psi at room temperature.   After 
coating the center one inch of each strip specimen with a super-saturated solu- 
tion of NaCl in water, the specimens were dried and exposed at selected tempera- 
tures for different times.   The criterion for ernbrittlement was the loss of bend 
ductility, which was determined by compressing the specimen along its longitu- 
dinal axis and measuring the relative displacement of the ends at fracture.   If 
the specimen fractured before the ends were compressed into contact, the speci- 
men was judged to have 'een embrittled by stress-corrosion. 

In the second phase of the stress -corrosion work, ths gage section of 
tensile specimens (Figure 5) was coated with NaCl, by the procedure given 
earlier, and stressed at 40, 60, and 80% of the tensile 0. 2%-offset yield strength 
for 10 to 1000 hours at  four different temperatures for each all.\y.   The ex- 
posure temperatures were from 500 to 900° F.   Tensile tests were performed 
on the exposed specimens to determine the effect of exposure under different 
stress-time-temperature parameters on the residual properties.    The speci- 
mens were exposed under stress in creep machines.   The microstructures of 
selected specimens were examined after testing to determine the severity of 
corrosion. 

Elastic-Moduli 

The dynamic moduli of elasticity of Jne sheet and bar alloys were de- 
termined at 70, 400, 600, 800 and 1000° F, and the static moduli were determined 
at room temperature. 

Resistance strain gages were employed to measure strain in tests to de- 
termine the moduli under static conditions.    The specimens were loaded to dif- 
ferent stress levels by calibrated weights acting through a 20:1 lever system of 
a creep frame.   Strain at stresses through approximately 6000 psi were read 
from which the modulus of elasticity was calculated by Hooke:s law: 

E =  -|- (4) 

The determination of the elastic modulus under dynamic conditions was 
accomplished by the vibrating-reed technique in which the natural frequency is 
used to calculate the dynamic modulus from - 

4 p l4 f8 

7»E gß< 
(5) 

The symbols in this expression are identified on pages xxix and xxx.   The end 
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correction factor, ß , was 0. 597.   The uxeH and of the 0. 250-in. -vide x 6-in. - 
long reed was clamped in a massive iron block and the reed was plucked to 
excite it et its natural frequency.   A stro^oscope was used to determine the 
frequency.   For the evaluations at elevated temperatures the block-and-reed 
assembly was heated in a split-tube furnace.   The end of the reed was illumi- 
nated by the stroboscope through a pyrex window in one end of the furnace. 
Three thermocouples that were flash welded to the surface of an extra speci- 
men, clamped in the block parallel to the test specimen, provided reference 
for control of the temperature level and uniformity by manual adjustment of 
variable transformers. 

The apparatus used to determine the dynamic modulus of elasticity of 
the bar alloys was of the electrostatic type in which the specimen is driven into 
longitudinal resonance by a variable voltage acting across an air gap between 
one end of the specimen and a flat electrode of the apparatus.   Figures 24 and 
25 show two views of the apparatus.,   The variable voltage is applied by a 
signal generator and a power amplifier.    The other end of the specimen and a 
plate serve to indicate resonance in the specimen by maxima in the alternating 
voltage between these elements at the resonating frequency.   An oscilloscope 
is used to detect resonance and to observe the wave form.   The resonant fre- 
quency is read from a frequency counter.    The modulus of elasticity was 
calculated from - 

--^ « 

where "n" is the number of half wave lengths in the bar and the other notation 
is the same as in Equation 5.     Three 20-gage iron-vs-constantan thermocouples, 
positioned near each end and the middle of the specimen, were used as tempera- 
ture references for manual adjustment of the power to the three zones of xhe 
furnace for control of the level and uniformity of the temperature of the specimen. 

Thermal Conductivity 

The thermal conductivities of the alloys were measured using a com- 
parative rod apparatus with AISI 316 steel conductivity references.   The de- 
termination of thermal conductivity was accomplished by measuring both the 
heat flux density flowing axially through the cylindrical specimen and the 
temperature gradient along a known axial gage length.   The heat flux density 
was determined with two heat meters or references of known conductivity 
placed coaxially at the top and bottom of the specimen, and the temperature 
gradient was measured by thermocouples installed in the specimens.   Radial 
losses were carefully controlled with guard heaters.   The uncertainty for this 
equipment is about+5%.   This apparatus: is described and discussed fully in 
Technical Report No. AFML-TR-65-1335. 
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The conductivities were measured transverse to the rolling direction of 
the bar materials and parallel to the rolling direction of the sheet.   The speci- 
men configurations are snown in Figure 26.    To make the sheet specimens, 
squares of 0. 040-inch-thick sheets were tightly clamped together to form small 
cubes.   Single welds perpendicular to the sheets were made at opposite ends  of 
the cubes using an inert-gas arc welder.    The specimens were then machined 
as shown in Figure 26.    Most of the weld area was removed in machining,   and 
the thermocouple holes were placed outside the heat-nffected zone of the veld. 
Three thermocouples were placed in small holes on the periphery of the speci- 
men to detect any nonuniform temperature distribution. 

Thermal Expansion 

The thermal expansions of the alloys were determined using a quartz- 
tube dilatometer with mechanical dial gages graduated in 0.0001 in. divisions. 
Specimens machined from bar stock were 1/2 in. x 5/8 in. x 3 inches long. 
Specimens from the sheet stock were made by rolling the sheet into cylinders 
of about 3/4 in. diameter x 3 inches long and tack welding the joint in two 
places.    The specimens were fitted with end caps made from Ti-5Al-5Sn-5Zr 
bar stock.   These end caps added only about 1/8 inch to the total length of the 
specimen.    The thermal expansions measured for the sheet alloys included those 
of both the specimen and end caps.    The data were corrected for the expansion 
of the end caps, but this correction was rot significant since the expansions of 
the specimen and end caps'were almost identical, and the total length of the end 
caps was only -fe   the length of the specimen.    The data were also corrected 
for the expansion of the quartz dilatometer.    Thermocoup??s were flash welded 
to the specimen surfaces to monitor temperature.   At least two thermocouples, 
and usually three, were located at different points along the axis of the speci- 
men to detect any gradients. 

The dilatometers and the experimental procedures are fully described 
in Technical Report No. AFML-TR-65-1335. 

Heat Capacity 

The heat capacities of the alloys were determined using an adiabatic 
calorimeter.   With this apparatus the heated specimen was dropped into a 
thermally guarded, calibrated cup, and specimen enthalpy was measured as a 
function of the increase in temperature of the cup.   Specimens from the bar 
stock were one-half-inch cubes, and the sheet specimens consisted of about 
three or four small pieces.    The heat capacities were determined from the slopes 
of the enthalpy versus temperature curves.    Heat capacity was determined 
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graphically and also by using the least squares method to fit the enthalpy data 
to an equation of the form 

'85 aT + bT8 + cT~* + d (7) 

The derivative of this equation was adjusted to agree with the graphically de- 
termined heat capacity at 150° F to obtain an equation for heat capacity 

HC  = a + 2bT - c* T" (8) 

This apparatus and the procedures used are also fully discussed in Technical 
Report No, AFML-TR-65-1335.    The overall uncertainty of this apparatus was 
established at ± 5%. 
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RESULTS OF MECHANICAL-PROPERTY TESTS 

Sheet Alloys 

Tensile 

Results of tensile tests on <ne sheet alloys may be found in the following 
figures and tables: 

Alloy Figures Tables 

'ü-5Al-5Sn-5Zr 27, 28, 29, 36, 37, 38 
Ti-5Al-5Sn-5Zr-lMo-lV   30, 31, 32, 36, 37, 38 
Ti-6Al-2Sn-4Zr-2Mo 33, 34, 35, 36, 317, 38 

9, 12, 13, 36, 37, 42 
10, 12, 13,~58,19,~?2 
11, 12, 13, 2Ü, 47, 12 

a 
Tables with numbers underlined are in Appendix I, 

Tabulated tensile-property data in Tables 9, 10, and 11 and plotted data in 
Figures 27 - 35 represent averages of ten determinations at each temperature and 
orientation.   No significant differences were detected in the tensile properties be- 
tween the two heats of each sheet alloy.   Likewise, there was not a significant dif- 
ference in the tensile properties between the longitudinal and transverse orienta- 
tions for the sheet alloys, with the exception of the possible lower strength of 
Heat No. V-3076  with respect to Heat V-3016 of the Ti-6Al-2Sn-4Zr-2Mo alloy 
as shown in Table 11. 

Results of the precision-modulus of elasticity determinations on the sheet 
alloys are given in Table 12.   The modulus-of-elasticity data obtained in the con- 
ventional tensile tests are in good agreement with these data, except the value 
for the modulus of elasticity in the longitudinal direction of the Ti-5Al-5Sn-5Zr- 
lMo-lV alloy from Heat V-2957 in the tensile tests was low relative to the value 
obtained from the measurements with the resistance strain gages. 

Figures 36 - 38 show the tens'le properties of the three sheet alloys 
evaluated in this investigation relative to each other and relative to the properties 
of one all-alpha alloy (Ti-5Al-2. 5Sn) and one alpha-beta alloy (Ti-6A1-4V), for 
which data were available as referenced in the figures.   Averaged properties for 
the two heats and two orientations for the three alloys evaluated in this program 
are shown in these figures.   As these figures show, the tensile strength properties 
of the two alpha-beta alloys,  Ti-5Al-5Sn-5Zr-lMo-lV and Ti-6Al-23n-4Zr-2Mo, 
were higher at all test temperatures than the properties of the Ti-6A1-4V alpha- 
beta alloy.    The rate of decrease of tensile strength with respect to temperature 
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Table 9 

Summary of Averages and Standard Deviations for the 
Tensile Properties of the Ti-5Al-5Sn-5Zr Alloy Sheet 
at Different Temperatures  •   ' 

Heat No.   D-6 360 
Temp 

Orientation Avg. 
ksi 

s 
Ftn» 

Avg, 
ksi 

s 
e. % Et,  1^« 

Avg. 
psi 

°F Avg. s s 

70 L 118.6 1.0 128.5 0.8 14.1 1.0 16.1 0.5 
400 L 79.2 0.6 97.5 0.5 18.4 0.9 13.9 0.7 
600 L 66.3 0.7 89.6 0.7 18.4 1.3 12.2 1.1 
800 L 61.1 2.2 83.5 1.1 23.1 1.6 12.1 1.4 

1000 L 59.0 1.1 79.4 0.8 21.2 1.1 11.1 1.6 

70 T 118.5 0.7 127.0 0.7 14.9 0.6 16.6 0.7 
400 T 78.6 0.6 93.3 0.4 20.2 0.6 14.4 1.3 
60C T 65.5 0,4 85.0 0.6 2G.2 1.1 13.5 1.1 
800 T 60.1 0.8 79.6 0.9 26.6 2.4 12.8 1.2 

1000 T 57.9 0.4 75.1 0.6 24.3 1.1 11.9 0,8 

Heat No.   P-1793 
Tf-/o 

Orientation Avj. 
ksi FtU' ksi 

s 
e, % 

Avg. 
psi 

°F Avg. s s 

70 L 116.2 0.8 124.5 0.6 17.2 1.3 15.4 0.6 
400 L 80.8 2.2 96.9 1.2 18.6 0.8 13.8 1.5 
600 L 68.3 3.3 91.0 0.6 23.7 1.4 12.9 1.0 
800 L 62.6 1.0 84.7 0.7 23.4 0.8 12.1 0.6 

1000 L 62.4 0.4 82.1 0.7 23.8 1.1 10.5 0.5 

70 T 115.4 0.6 122.1 0.7 17.9 0.6 15.5 0.5 
400 T 79.9 0.9 92.8 0.9 20.2 0.2 13.4 C..8 
600 T 67.9 0.8 86.4 0.8 24.5 1.6 13.6 0.4 
800 T 62.5 0.9 81.3 0.6 26.4 1.0 13.4 0.9 

1000 T 61.5 0.7 78.1 0.6 25.3 1.5 11.3 0.8 

a      Averages and standard deviations are based on 10 evaluations at each tempera- 
ture for each orientation, 

b      He?t treatme.it:   1650° F, 1/2 hr, A.C. 
c      Sheet thicljiess:  40 mils. 
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Table 10 

Summary of Averages and Standard Deviations for the 
Tensile Properties of the Ti-5Al-SSn-5Zr-lMo-lV Alloy 
Sheet at Different Temperatures3' b' c 

Heat No.  V-2 957 
Temp 

Orientation 
Ftv. 

Avg. ' 
ksi 

s 
Ftu. 

Avg. 
ksi 

s 
e, % Ep 1Ö8 

Avg. 
psi 

°F Avg. s s 

70 L 136.8 1.1 146.8 1.2 10.6 0.7 14.6 0.2 
400 L 105.9 1.3, 123.1 1.5 9.5 0.4 13.2 0.5 
600 L 97.6 0.6 120.2 1.0 9.8 0.6 12.3 0.5 
800 L 92.8 0.9 120.2 1.4 12.3 0.7 12,2 0.5 

1000 L 83.3 0.5 108.2 1.1 12.5 1.0 12.0 0.6 

70 T 137.9 1,7 147.0 0.7 10.2 1.1 15.8 0.5 
400 T 109.6 1.6 122.6 1.7 8.3 0.4 13.9 0.5 
600 T 101.5 1.1 117.9 0.7 8.0 0.4 13.4 0.5 
800 T 95.8 0.7 117.3 1.1 11.7 0.8 13.3 0.6 

1000 -   T 87.3 1.3 107.5 0.8 10.8 0.9 12.2 0.7 

Heat No.  V-l L991 

Temp 
Orientation 

FtU' 
Avg. 

ksi 
s 

e, % Et, iö8 

Avg. 
psi 

°F Avg. s Avg. s s 

70 L 138.1 1.9 149.5 1.8 12.3 0.7 15.3 0.6 
400 L 106.6 1.3 124.2 0.7 11.0 1.6 13.4 0.7 
600 L 98.6 C.8 119.8 11 11.0 0.8 12.7 1.0 
800 L 92.8 0.5 117.6 0.9 12.0 0.7 12.0 0.5 

1000 L 81.6 2.7 104.9 i.8 12.5 1.0 11,3 0.7 

70 T 138.1 1.9 146.8 2.1 11.7 0.8 16.1 0.5 
400 T 109.1 1.2 122.0 1.5 8.6 0.5 14.4 0.5 
600 T 99.9 1.6 115.4 1.6 9.4 0.7 12.3 0.6 
800 T 94.8 1,3 114.0 1.4 12.7 1.2 12.7 0.8 

1000 T 84.6 1.7 102.3 1.8 11.5 0.8 11.4 0.4 

a      Averages and standard deviations are based on 10 evaluations at each tempera- 
ture for each orientation, 

b     Heat treatment:   1550° F, 1/2 hr, A.C. + 1400° F, 1/4 hr, A.C. 
c      Sheet thickness:  40 mils 
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Table  11 

Summary of Averages and Standard Deviations for the 
Tensile Properties of the Ti-6Al-2Sn-4Zr-2Mo Alloy 
Sheet at Different Temperatures •   « 

Heat No.  V-3016 
Temp Fty ksi ....  FtU' ksi e. i Et. to« psi 
°F Orientation Avg. s Avg. s Avg. s Avg. s 

70 L 142.2 2.7 147.7 3.3 12.2 1.3 16.2 0.4 
400 L 106.9 2.5 121.2 3.3 11.1 0.9 14.4 0.9 
600 L 95.9 1.8 115.0 2.2 9.1 1.5 13.3 1.1 
800 L 91.7 3.1 113.8 3.6 11.2 1.8 13.7 1.1 

1000 L 85.0 2.9 106.8 3.8 13.1 2.0 11.5 0.9 

70 T 139.1 1.2 144.4 1.6 11.6 2.1 15.9 0.3 
400 T 104.6 1.6 118.2 2.8 11.4 1.3 14.8 1.2 
600 T 93.2 1.8 112.0 2.3 10.2 0.8 13.7 0.9 
800 T 88.7 1.6 111.3 1.6 11.8 1.4 12.3 0.7 

1000 T 83.7 2.1 105.1 2.3 13.9 0.9 11.5 0.8 

Heat No.   V- -3076 
' Temp 

°F Orientation 
*v ksi „ Ftn- 

Avg. 
ksi 

s 
e, % Et, 10« 

Avg. 
psi 

- 
i 

Avg. s Avg. s s 

70 L 141„9 1.9 151.1 3.0 10.8 0.6 16.6 0.4 
400 L 109.1 1.7 126.2 1.8 9.8 0.8 14.5 0.6 
600 L 98.9 2.1 119.3 2.3 7.6 0.7 14.7 0.8 
800 L 93.7 1.9 116.6 2.5 8.8 0.9 13.7 1.3 

1000 L 83.5 2,1 108.0 3.2 13.3 2.2 13.2 0.9 

70 T 134.7 1.0 145.5 1.4 11.4 0.7 15.6 0.4 
400 T 102.8 0.6 120.9 0.8 10.9 0.8 14.4 1.7 
600 T 92.4 0.6 115.5 0.6 9.1 0.1 13.2 0.8 
800 T 87.8 0.8 113.8 0.9 10.8 1.0 12.5 0.8 

1000 T 79.8 1.3 103.2 0.9 13.8 1.8 lt.l 0.3 

a      Averages and standard deviations are based on 10 evaluations at each tempera- 
ture for each orientation, 

b      Heat treatment:   1650° F, 1/2 hr, A.C. + 1450° F, 1/4 hr, A.C. 
c      She^t thickness:   40 mils. 
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Figure 27.   The 0.2%-Offset Yield Strength and Tensile Strength of 
Ti-5Al-5Sn-5Zr Alloy Sheet at Different Temperatures. 

Sheet thicknesu:  40 mils 
Heat treatment:   1650* F, 1/2 hr, A.C. 
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Figure 28.   The Percent Elongation and Modulus of Elasticity in Tension of 
Ti-5Al-5Sn-5Zr Alloy Sheet at Different Temperatures. 

Sheet thickness:  40 mils 
Heat treatment:   1850° F, 1/2 hr, A.C. 
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Figure 30.   The 0. 2%-Offset Yield Strength and Tensile Strength of 
Ti-5Al-5Sn-5Zr-lMo-lV Alloy Sheet in the Longitudinal 
and Transverse Orientations. 

Sheet thickness:   40 mils 
Heat treatment:    1550" F, 1/2 hr, A.C. + 

1400° F, 1/4 hr, A.C. 
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Figure 31, The Percent Elongation and Modulus of Elasticity in Tension 
of Ti-5Al-5Sn-5Zr-lMo-lV Alloy Sheet in the Longitudinal 
and Transverse Orientations. 

Sheet thickness:  40 mils 
Heat treatment:    1550° F, 1/2 hr, A.C. + 

1400° F, 1/4 hr. A.C. 
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Figure 33.  The 0.2%-Off3et Yield Strength and Tensile Strength of 
Ti-6Al-2Sn-4Zr-2Mo Alloy Sheet At Different Temperatures. 

Sheet thickness:  40 mils 
Heat treatment:  1650° F, 1/2 hr, A.C. + 1450° F, 1/4 hr, A.C. 
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Figure 34.  The Percent Elongation and Modulus of Elasticity in Tension 
of Ti-6Al-2Sn-4Zr-2Mo Alloy Sheet at Different Temperatures. 

Sheet thickness:   40 mils 
Heat treatment:   1650° F, 1/2 hr, A.C.. 1450° F, 1/4 hr, A.C. 

59 



-*• < * t ' -i-+ i 4  -4-j-i~4-,-_f4..1—*-fj-- 

f" i fl    ■■Tr"TfTTrn ft            J :      I   - JJ iiXi  j    ;       r   ,  1     ittt i I                         i J   I ....   ,JJ ,   , j j i i JI       ■ ■          f 1 ! ! 
1 j       .....  . ...|.,. «j.j. 

Jr. 
/ 
J 

--- t         —--—-—■+■ 
r     i     ":""±_   _   ± 

1                                                   i     1 
IHItjtl     ZZ         h    TJT ...      t     -        ~   1 

_|T / 
1 t 

...-4_H_: ~:::: _:   : :: ■ ±     j 
f ::£::   ::; :::;~:rr 'tn 

liX L_    __      -,.']' 
XJTr.rLlt J4_..4Xt T; 1 
Ä |J   1-   ■■       ,    I    :'i|.    III! !L_LJ__L     ___ _   ritt TNT J-LllJ. _■....            lllT-i—T 

8 

g 
CN 

fa 

4) 
(. 

00   f 
01 
a 
£ 
a. 

o o 

o o o 
00 

o 
CD 

O 
■0 

o 

•duiax OIOOH JB ^ juaDjaj 

s 
to 

UOJJBSnOia iU9 0JS!cf 

"lii" ~ 11: 
:::|::::j::::::g#;: 
J 1 1-  ' ' i ' ) 1 W-— 

__±_     .__ .      ______ 
i                      l 

"~"    """"""*              i 

-4--  -     ---■      -- •-■ ...                    ,                                          __!._ 

:: ::(.:::::::::+-::::±: 
7:±~ :: : - 1 

L _|__     _.__L    _     _n_ 
:: ±j:   :_:::::-   ::::: 

j        .. 

-£-+—- — 
:"t:~::_: -   :qp::~   _: r -^   _ 

!:|::::::::::::::::::::: 

o o 
CO 

O 
O 

v 

§3 
00 cd 

C. 
0) a 
E 
a 
h 

o o 

1) 

0 

(J 
tl <C 

CO   CO 

0 

tl CN 
11 1 
a t, 
g N 
(U T»< 

F c 
o X. o 
■* —* 

4 
CO 

c o o o o o o o o o 
00 ee <* <N © GO CO Tf e-1 

•dtuax utooy JB ^J juaDjafj •duiaj, tuooH I« *3 jusoaaj 

to 

<u 
a 
o 
.. a. 

c 
0) 
H 
cu 

c 
o 
m 
£ 
3 
*J 

cd 
ti 
0) a 
a 
H 

u 
41 

w 
4) 

H 

in 
era 

3 
Ä 
fa 

t. 
X! 

g 

u 

tl 

CO Ct, 

CO 4- 

<w CU 

^ u cd 

5 01 

4^ 
HI +> 
(1) cd (_> 

60 



Table 12 

Precision Modulus of Elasticity of the Sheet Alloys in 
ine Longrtudinal Direction at Room Temperature '   ' mpei 

Alloy 

Ti-5Al-5Sn-5Zr 
Ti-5Al-5Sn-5Zr-lMo-lV 
Ti-6Al-2Sn-4Zr-2Mo 

Modulus of 
Elasticity, 

10a psi 

15. 929 
16.080 
16. 295 

a   Sheet thickness:   40 mil 
b   HeatNos:    Ti-5Al-5Sn-5Zr,  D-8060 

Ti-5Al-5Sn-5Zr~lMo-lV, V-2957 
Ti-6Al-2Sn-4Zr-2Mo,  V-3016 

c   Heat treatments: 
Ti-5Al-5Sn-4Zr, 1650° F, 1/2 hr, A.C. 
Ti-5Al-5Sn-5Zr-lMo-lV, 1550° F, 1/2 hr, A.C. 

+ 1400° F, 1/4 hr, A.C. 
Ti-6Al-2Sn-4Zr-2Mc, 1650° F, 1/2 hr, A.C. + 

1450° F, 1/4 hr, A.C._   - 
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Alloy 

Table 13 

Summary of Averaged Notched Tensile 
Strength of the Sheet Alloys a'°' c> ° 

_ Temperaturp, ° p 
—     JH~      TWT  

Ti-5Ai-5Sn-5Zr 

Ti- 5A1- 5Sn- 5Zr- lMo- IV 

Ti-6Al-2Sn-4Zr-2Mo 

166.8 

165.4 

170.1 

121.1 

131.5 

137.7 

a 
b 

105.4 

130.9 

132.5 

Thickness:   40 mil 
Heat treatment: 

Ti-5Al-5Sn-5Zr, 1650° F,   1/2 hr, A.C. 
Ti-5Al-5Sn-5Zr-lMo-lV, 1550° F, 1/2 hr, A.C. + 

1400° F, 1/4 hr, A.C. 
Ti-6Al-2Sn-4Zr-2Mo, 1650° F, 1/2 hr, A.C. + 

1450° F, 1/4 hr, A.C. 
Notched 45° , 0.025 in. radius, 0.375 minimum width to 
produce Kt =  3. 
All tests in longitudinal direction. 
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Figure 36. Comparison of the 0. 2%-Offset Yield Strength of Titanium Sheet 
Alloys Evaluated in this Program with Data from tne Literature 
for other Titanium Alloys. 

Referenced data 
a - M1LHDBK 5, p 5. 4. 6. 2.1 (b) 
b - MILHDBK 5, p 5. 3.1. 2.1 (b) 
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1200 

Figure 37. Comparison of the Ultimate Tensile Strength of Titanium Sheet 
Alloys Evaluated in this Prograrr, with Data from the Literature 
for Other Titanium Alloys. 

Referenced Data 
a - MILHDBK 5, p 5.4. 8. 2,1 (a) 
b    MILHDBK 5, p 5. 3.1. 2.1 (a) 
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Figure 38. Comparison of Elongation and Modulus of Elasticity in Tension of 
Titanium Sheet Alloys Evaluated in this Program with Data from 
the Literature for Other Titanium Alloys, 

Referenced Data 
MILHDBK 5, p 5.3.1.2.4 
MILHDBK 5, p 5.4.8.2.4 
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above 800° F was al«o lower for the Ti-5AI-5Sn-5Zr-lMo-lV and Ti-6Al-2Sn- 
4Zr-2Mo alloys than for the Ti-6AI-4V alloy.   The yield strengte of the Ti-5A1~ 
53n-5Zr all-alpha alloy was comparable to that of the T1-5A1-2. 5Sn alloy at all 
test temperatures, but the tensile strength of the Ti-5Al-5Sn-5Zr alloy was 
higher at the elevated temperatures than for the Ti-5Al-2. 5 Sn alloy.   Figure 38 
shows that the elongation of the higher-strength alpha-beta alloys was generally 
lower than that of the all-alpha alloys. 

Compression 

All data for the compression tests are given in the following tables and 
figures: 

Alloy 

Ti-5Al-5Sn-5Zr 
Ti-5A1- 5Sn-5Zr-jMo-lV 
Ti-6Al-2Sn-4Zr-2Mo 

Figures Tables 

39,40,45 H, 43 
41, 42, 45 14, ii 
43, 44, 45 14, 4"5 

a    Tables with numbers underlined are in Appendix I. 

Results of the compression tests in Table 14 ard Figures 39 - 44 repre- 
sent averages of five determinations for each temperature and orientation of 
the major heat of the sheet alloys.   At most temperatures the compressive y'eld 
strength w^s approximately equal to the tensile yield strength for each alloy. 
The modulus of. elasticity in compression was generally slightly lower man the 
modulus in tension, which is probably due to very slight bending of the compres- 
sion test specimens even though they were restrained by a special fixture in 
testing. 

Figure 4l shows the comparative yield strength and modulus of elasti- 
city in compression for the three sheet alloys evaluated in this program, and 
similar data for an all-alpha alloy, Ti~5Al-2t 5Sn, and an ajpha-beta alloy, 
Ti--6A1-4V.    The compressive yieJd strength of the alpha-beta alleys (T1-5A1- 
5Sn-5Zr-lMo-lV and Ti-6Al-2Sn-4Zr-2Mo) was higher than the compressive 
strength of the Ti-6A1-4V alloy selected for comparison.    The compressive 
yield strength of the all-alpha Ti-5Al-5Sn-5Zr alloy was slightly lower then 
that for the Ti-5Al-2. 5Sn alloy.   The comparative modulus-of-elasticity data 
in Figure 45 shows that the values for the three sheet alloys evaluated in this 
program were lower than for the reference alloys.   However, since MIL-HDBK- 
36, from which the referenced data were obtained, does not differentiate between 
tensile and compressive moduli, the comparative curves m Fig, 45 would be in 
closer agreement if an average value of the tensile anl compressive moduli were 
shown instead of only the modulus in compression. 
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Table   14 

Summary of Averages and Standard Deviations for the 
Compression Properties at Different Temperatures of 
Three Titanium Alloys in the Form of Forty-MU Sheet 

Tl-8Al-5Sn-5Zr (Heat No. D-8060) 

Longitudinal Transverse 
Temp Fey. ksi Ec.lO0, psi Fcv« ksi Ec, 10° psi 
•F Avg. 8 A.vg- s Avg. 8 Avg.         s 

70 119.0 1.9 14.4 0.3 125.8 1.6 15.1      0.2 
400 80.2 0.5 12.0 0.3 82.3 0.5 12. 8     0.1 
600 66.7 1.2 10.9 0.8 68.4 0.8 12.1      0.3 
800 60.3 1.2 10.6 0.3 62.8 0.4 11.6     0.3 

1000 58.0 0.8 9.7 0.2 59.8 0.9 10.3     0.2 

Heat treatment:  1650° F, 2 hr, A. C. 

Ti-5Al-53n-5Zr-lMo-lV (Heat No. V-2957) 

Longitudinal Transverse 
Temp FCv» ksi          Ec.10« psi Fcy» ksi Ec, 10° psi 
•F Avg. s           Avg. 8 Avg. s Avg.         s 

70 141.9 2.3         14.3 0.3 154.1 2.4 15.3     0.2 
400 103.7 5.5         12.7 0.1 113.7 1.2 13.3     0.5 
500 97.8 2.8         11.6 0.3 103.3 1.1 12. 2     0.3 
800 93.3 1.8         11.1 0.1 99.2 2.1 11.9     0.3 

1000 83.8 1.8        10.1 0.3 88.0 1.4 10.6     0.2 

Heat treatment:  1550* F, 1/2 hr. A.C. + 1400° F, 1/4 hr, A.C. 

Ti-6Al-2Sn-4Zr-2Mo (Heat No. V-3016) 

Longitudinal Transverse 
Temp Fcv» 

Av$. 
Ksi Efi. W 

Avg. 
'psi 

s 
Fcy. ksi Ec, 10« 

AvS- 

psi 
•F Av£* s s 

70 149.6 4.5 14.3 0.6 144.4 4.7 14.5 0.3 
400 111.3 4.2 12.7 0.3 105.9 2.3 12.5 0.3 
600 99.7 3.9 12.1 0.2 95.5 4.1 11.4 0.2 
800 96.5 5.9 11.3 0.6 88.0 2.6 11.0 0.3 

1000 85.3 4.4 10.6 0.5 82.3 3.2 10.2 0.2 

Heat treatment:  1650° F. 1/2 hr, A.C. + 1450° F, 1/4 hr, A.C. 
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Figure 39.     The 0. 2%-Offset-Yield Strength and Modulus of Elasticity in 
Compression of Ti-5Al-5Sn-5Zr Alloy Sheet at Different 
Temperatures. 

Heat No. D-8060 
Sheet thickness:  40 mil 
Heat treatment:   1650* F, 1/2 hr, A.C. 
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Figure 40.  Effect of ?.m 

Heat No. D-8060 
Sheet thickness:   40 mils 
Heat treatment:   1650- p. i/2 hr, A>c> 
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Figure 41.   The 0.2%-Offset Yield Strength and Modulus of Elasticity in Com- 
pression of Ti-5Al-5Sn-5Zr-lMo-lV Alloy Sheet at Different 
Temperatures. 

Heat No. V-2957 
Sheet thickness:   40 mils 
Heat treatment:   1550* F, 1/2 hr, A.C. + 1400° F, 1/4 hr, A.C. 
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Figure 42.   Effect of Temperature on the Compressive Properties 
of Ti- 5A1- 5S« - 5Zr-1 Mo- IV Alloy She et. 

Heat No. V-2957 
Sheet thickness:    40 mils 
Heat treatment:   1550° F, 1/2 hr, A.C. + 1400° F, 
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Figure 43.     The 0. 2%-Offset Yield Strength and Modulus cf Elasticity in 
Compression of Ti-6Al-2Sn-4Zr-2Mo Alloy Sheet at 
Different Temperatures. 

Heat No.   V-3016 
Sheet thickness:   40 mils 
Heat treatment:   1650*F. 1/2 hr. A. C. + 1450-F.  1/4 hr. A. C. 
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Figure 44.   Effect of Temperature on the Compressive Properties 
of Ti-6Al-2Sn-4Zr-2Mo Alloy Sheet. 

Heat No. V-3016 
Sheet thickness:   40 mils 
Heat treatment:   1650° F, 1/2 hr, A.C. + 1450* F, 

1/4 hr, A.C. 
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Figure 45. Comparison of the Compressive Properties of Titanium Alloy 
Sheet Evaluated in this Program with Data from the Literature 
for other Titanium Alloys. 

Referenced Data 
a - MILHDBK 5, p 5- 3.1.2. 2   (a) 
b - MILHDBK 5, p 5.4.6. 2. 2   (a) 
c - MILHDBK 5, p 5. 3.1. 2.4 
d - MILHDBK 5, p 5.4.6.2.4 
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Bearing 

Results of bearing tests on the sheet alloys are given in the following 
tables and figures: 

Alloy 

Ti-5Al-5Sn-5Zr 
Ti- 5A1- 5Sn- 5Zr- lMo- IV 
Ti-6Al-2Sn-4Zr-2Mo 

Figures Tables 

46, 47, 52, 53 15, 46 
48, 49, 52, 53 13, 4*7 
50, 51, 52, 53 17, 48 

Tables with numbers underlined are in Appendix I. 

The da^-. tabulated in Tables 15 - 17 and plotted in Figures 46 - 51 repre- 
sent averages of three determinations for each temperature, orientation and e/D 
ratio combination.    The bearing yield strength in the longitudinal and transverse 
orientations were generally comparable at each e/D r^tio strength level.   However, 
the bearing ultimate strength was generally higher in the transverse direction than 
in the longitudinal direction for the Ti-5Al-5Sn-5Zr and the Ti-5Al-5Sn-5Zr-lMo-lV 
alloys and equal in both orientations for the Ti-6Al-2Sn-4Zr-2Mo alloy. 

Comparative plots of the bearing properties for the three sheet alloys 
and the Ti-5Al-2. 5Sn and Ti-6A1-4V alloys are shown in Figures 52 and 53 in 
which the bearing strength of the three alloys evaluated in this program is re- 
presented by the average for the two orientations.   At both e/D ratios the bear- 
ing strength of the Ti-5Al-5Sn-5Zr-lMo-lV and the Ti-6Al-2Sn-4Zr-2Mo alloys 
are comparable at all test temperatures and exceed the bearing strength of the 
comparative alloy, Ti-6A1-4V.    The bearing strength of the Ti-5Ai-5Sn-5Zr 
is greater at all temperatures than for the Ti-5Al-2. 5Sn all-alpha alloy and 
approximately equal to the Ti-6A1-4V alloy. 

Shear 

Data for all the shear tests on the sheetalloys appear L: the following 
tables and figures: 

Alloy Figures Tables 

Ti-5Al-5Sn-5Zr 54, 57, 58 18, 49 
Ti-5Al-5Sn-5Zr-lMo-lV 55, 57, 58 18, 50* 
Ti-6Al-2Sn-4Zr-2Mo 56, 57, 58 18, 51 

Tables with numbers underlined are in Appendix I. 
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Table 15 

Averaged Bearing Properties of the Ti-5AI-5Sn~5Zr 
Alloy Sheet at Different Temperatures8» b« c» d 

Orientation  */D «J'S e/D ; 2.0 
£tm_MJL    fh... ksl 

L 180.3 
L 132.5 
L               115.9          140.9             142.7        180.7 
k 107.2 i« s «•.» -         •_ 
L 102.4 

T 184.3 
T 135.2 
T 118.5 

Fh„, ksi 

202.2 
156.5 
140.9 
133.5 
125.3 

218.3 
167.4 
152.0 
143.2 
137.1 

205.3        251.4 
156.2        196.8 

127.7 171.3 
119.2 163.9 

215.9 272.0 
162.8 217.4 
142.4 198.0 

T 108.0. 143 2 34 1 886 
J06.0    i37.i     iftl   IS;? 

. 

a  Average of triplicate tests. 
b  Heat treatment:   1650° F, 1/2 hr   A C 
c.   Sheet thickness:  40 mils 
d  Heat No. D-806G 

Table 16 

**» Averaged Bearing Properties of the Ti-5Al-5Sn-5Zr-lMo-lV 
Alloy Sheet at Different Temperatures3' °. c. *■ 

^T'                                       e/D =1.5 e/D o 0 

-i-    Oiientation      F^T^Tä! F^flHsbll 

400               L
L               Jg-J           220.3 243.! 280.5 

6oo          L          ml        ?h 199-5 234-9 

800               L               1R7*S           I3?'O 190-° 221-8 
1000               £               }£•;            I'2 184.1 209. C 

100.7           173.0 171.7 201.4 

4070°               $              2??-J          »J.J 270.8 287.2 
300                T                i2'J           JS2/2 207'9 233.4 
800               J               \?A          }2-; 194.6 213,7 

1000               ?                 L6-?           JSS-2 194'4 202.7 1                 153.1            179.9 iDi K nn.   . 

a Average of triplicate tests. 

o ST'** *??nent:   155°° F' 1/2 hr' A'C + 1400° P. 1/4 br   A C c Sheet thickness:   40 mils *     ,l" 
d Heat No.   V-2957 
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Table  17 

Averaged Bearing Properties of Öse Ti-0Al-2Sn-4Zr-2Mö 
Alloy Sheet at Different Temperatures*'    ' c» d 

Temp, 
"F 

70 
400 
300 
800 

1000 

70 
400 
600 
800 

1000 

Orientation 

L 
L 
L 
I, 
L 

T 
T 
T 
T 

JtQU 

e/D - 1.5 
ksi 

200.8 
157.9 
146.8 
142.6 
141.5 

198.8 
160.3 
142.3 
145.5 
140.8 

Jam ksi 

234.1 
187.8 
179.3 
174.2 
165.1 

232.1 
189.8 
172.6 
174.6 
164.5 

Average of triplicate tests. 
Heat treatment:   1650° F, 1/2 hr, A.C. 
Sheet thickness:   40 mils 
Heat No. V-3016 

e/D = 2.0 
Jag* ksi £Jau ksi 

23G.9 292.4 
193.6 243.3 
176.9 225.4 
177.3 217.2 
169.2 211.4 

237.5 287.8 
189.5 240.7 
172.3 225.5 
171.8 204.4 
167.1 205.1 

+ 1450° F. 1/4 hr, A.C. 
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Figure 46. 
Bearing-Strength Properties of the Ti-5A!-5Sn h7 
Sheet at Different Tom„„,.,(  
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Heat No.   D-8080 
Sheet thickness:   40 mils 
Heat treatment:   1650"F,  1/2 hr,  A. C. 
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Figure 47.     Effect of Temperature on the Bearing Properties 
of Ti-5Al-5Sn-5Zr Alloy Sheet. 

Heat No. D-8060 
Sheet thickness:  40 mil 
Heat treatment:   1650° F, 1/2 hr, A.C. 
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Figure 48. Bearing-Strength Properties of the Ti-5Al-5Sn-5Zr-lMo-lV 
Alloy Sheet at Different Temperatures. 

Heat No. V-2&57 
Sheet thickness:   40 mil 
Heat treatment:   1550° F, 1/2 hr, A.C. + 1400° F, 1/4 hr, A.C. 
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Effect of Temperature on the Bearing Properties of 
Ti-5Al-5Sn-5Zr-lMo-lV Alloy Sheet. 

Heat No. V-2957 
Sheet thickness:   40 mil 
Heat treatment:   1550° F, 1/2 hr, A.C. + 1400° F, 

1/4 hr, A.C. 
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Bearing-Strength Properties of the Ti-6Al~2Sn-4Zr-2Mo Alloy 
Sheet at Different Temperatures. 

Heat No. V-3016 
Sheet thickness:   40 mil 
Heat treatment:   1650° F, 1/2 hr, A.C. + 1450° F..1/4 hr, A.C. 
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Figure 52. Comparison of vhe Bearing Strength (e/D - 2.0) of Titanium Sheet 
Alloys Evaluated in this Program with Data from the Literature 
for Other Titanium Alloys . 

Referenced data 
a - MILHDBK 5, p 5. 3.1. 2.3 (to) 
b - MILHDBK 5, p 5.4.6.2.3 (bj 
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Figure 53. Comparison of the Bearing Strength (e/D «1=5) of Titanium Sheet 
Alloys Evaluated in this Program with Date from the Literature 
for other Titanium Alloys 

R»>"e.'.ced data 
a -  (OLJTDBK ä, p 5.3.1. 2. 3 (b) 
b - i.:iLHl)BK 5, p 5,4.6.2«3 (b) 
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Table  18 

Summary of Averages and Standard Deviations 
for the Ultimate Shear Strength at Different 
Temperatures of Three Titanium Alloys in the 
Form of Forty-Mil Sheet. 

Ti-5AI-5Sn-5Zr 
Longitudinal Transverse 

Temp. FSu» ksi FBI„ ksi 
°F Avg. 

87.7 

6 

0.9 

Avg.           s 

70 94.2        1.4 
400 68.1 1.2 72.9        2.1 
600 62.4 1.1 67.0        1.2 
800 59.6 1.6 68.2        1.2 

1000 56.2 1.0 62.8        0.8 

Heat treatment:   1650° F, 1/2 hr, A.C. 

Ti-5Al-5Sn-5Zr-lMo-lV 
Longitudinal Transverse 

Temp. 
°F 

F . ran? 
Avg. 

105.1 

ksi 
s 

1.5 

Fsu, ksi 
Avg.           s 

70 109.8         1.2 
400 85.6 2.1 90.6        1.4 
600 82.4 1.7 86.7        1.2 
800 81.5 1.0 85.2        1.6 

1000 72.9 1.8 77.6        0.8 

Heat treatment:   1550° F, 1/2 hr, A.C.   + 1400° F, 
1/4 hr, A.C. 

Ti-6Al-2Sn-4Zr-2Mo 
Longitudinal Transverse 

Temp. ksi FgU,   ksi 
°F Avg. 

97.8 

s 

3.0 

Avg.           s 

70 95.5        1.9 
400 31.8 1.9 78.6        1.3 
600 79.1 2.5 75.5        2.0 
800 76.5 2.7 72.6        2.0 

1000 68.9 2.0 67.2        1.5 

Heat treatment:   1650° F, 1/2 hr, A.C.  + 1450° F, 
1/4 hr, A.C. 
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Figure 54.   The Ultimate Shear Strength of Ti-5A1-5Sn-5Zr Alloy Sheet 
at Different Temperatures 

Heat No. D-80t0 
Sheet thickness:  40 mils 
Hea treatment:  1650" F, 1/2 hr, A.C. 

110 

0) 

3 
n 

fa 

400 600 
Temperature, ° F 

Figure 55.   The Ultimate Shear Strength of Ti~5Al-5Sn-5Zr-lMo-lV Alloy 
Sheet at Different Temperatures. 

Heat No. V-2957 
Sheet thickness:  40 mils 
Heat treatment:  1550° F, 1/2 hr, A.C. + 1400° F, 1/4 hr, A.C. 
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Figure 57. The Effect of Temperature on the Ultimate 
Shear Strength of Three Titanium Alloys. 

Sheet thickness:  40 mils 
Heat treatment:  As shown for each alloy. 
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Figure 58. Comparison of Ultimate Shear Strength of Titanium Sheet Alloys 
Evaluated in this Program with Data from the Literature for 
Other Titanium Alloys. 

Referenced Data 

a MIL HDBK 5, p 5. 4. 6. 2. 3 (b) 
b MIL HDBK 5, p 5. 3.1. 2. 2 (a) 
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The shoar strength of the Ti-5Al-5Sn-5Zr and Ti-5Al-5Sn-5Zr-lMo-lV 
alloys was sltghily higher in the transverse direction than in the longitudinal di- 
rection, and approximately equal for both directions of the Ti-6Al-2Sn-4Zr-2Mo 
sheet.   The shear strength for all the sheet alloys was 0.65 to 0. 70 of the re- 
spective tensile strength at comparable temperatures, which is normal for most 
materials.    The comparative data plotted in Figure 58 shows that the shear strength 
of the Ti-5AI-5Sn-5Zr-lMo-lV alloy is higher at all test temperatures than tha 
other alpha-beta alloy (Ti-6Al-2Sn-4Zr-2Mo) evaluated in the program as well as 
the comparative alloy, T1-8A1-4V.   The shear strength of the Ti-5Al-5Sn-5Zr 
sheet was greater than the comparative all-alpha alloy (Ti-5Al-2. 5Sn) and the 
Ti-6A1-4V alloy at all test temperatures. 

Thermal-Exposure 

The results of mechanical-property tests on longitudinally oriented speci- 
mens of the sheei alloys after thermal exposure from 600 to 1200° F for times fron. 
10 to 1000 hr are given in the following tables and figures: 

Alloy Figures Tables 

Ti-5Ai-5Sn»5Zr 59, 62 52, 53, 58 
Ti-5Al-5Sn-5Zr-lMo-lV 60, 63 51, "53, "55 
Ti-6Al-2Sn-4Zr-2Mo 61, 64 M, "57, 15 

Tables with numbers underlined are in Appendix I 

Figures 59 - 61 and 62 - 64 show the tensile and shear strength proper- 
ties of the sheet alloys after thermal exposure.   The top graph of each figure 
shows the strength property at room temperature as a function of the exposure 
temperature; the bottom graph of each figure shows the property at the expo- 
sure temperature as a function of the exposure temperature.    Thermal exposure 
had no deleterious effect on the strength of the alloys.    The curves of shear 
strength and tensile strength at room temperature as functions of exposure 
temperature show a promounced increase in strength of the Ti-5Al-5Sn-5Zr-lMo- 
IV and Ti-6Al-2Sn-4Zr-2Mo alpha-beta alloys after exposure to 600, 800, and 
1000° F; however this increase in strength is probably due to aging.   Above 800° F 
over-aging occurred in long-time exposure, which caused a decrease in the strength 
properties. 
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Figure 58. Comparison of Ultimate Shear Strength of Titanium Sheet Alloys 
Evaluated in this Program with Data from the Literature for 
Other Titanium Alloys. 

Referenced Data 

a MIL HDBK 5, p 5. 4.6. 2. 3 (b) 
b MIL KDBK 5, p 5. 3.1. 2. 2 (a) 

90 



140 

130 

S 

fa 

12 

110 

200 400 600 800 
Exposure Temperature, ° F 

1000 1200 

100 

90 

dO 

2 
fa 

fa .^70 

60 

50 

600 

Figure 59. 

700 800 900 1000 1100 
Exposure and Test Temperature, * F 

1200 

Effect of Thermal Exposure on the Tensile-Strength Properties 
of Ti-5Al-5Sn-5Zr Alloy Sheet at Room Temperature (above) 
anc at the Exposure Temperature (below). 

Heat No. D-8060 
Sheet thickness:  40 mil 
Heat treatment:   1650" F, 1/2 hr, A.C. 
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Figure 60.     Effect of Thermal Exposure on the Tensile-Strength Proper- 
ties of Ti-5Al-5Sn-5Zr-lMo-lV Alloy Sheet at Room Tempera- 
ture (above) and at the Exposure Temperature (below). 

Heat No. V-2957 
Thickness:  40 mil 
Heat treatment:  1550° F, 1/2 hr, A.C. + 1400° F, 

1/4 hr. A.C. 
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Figure  61.    Effect of Thermal Exposure on the Tensile-Strength Properties 
of Ti-6Al-2Sn-4Zr-2Mo Alloy Sheet at Room Temperature (above) 
and at the Exposure Temperature (below). 

Heat No. V-3016 
Sheet thickness:   40 mil 
Heat treatment:   1650'F, 1/2 hr, A.C. + 1450' F, 1/4 hr, A.C. 
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Figure 62.    The Effect of Thermal Exposure on the Ultimate Shear Strength 
of Ti-5Al-5Sn-5Zr Alloy Sheet at Room Temperature (above) 
and at the Exposure Temperature (below). 

Heat No. D-8060 
Sheet thickness:   40 mil 
Heat treatment:   1650" F, 1/4 hr, A.C. 
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Figure 64.     The Effect of Thermal Exposure on the Ultimate Shear Strength 
of Ji-6Al-2Sn-4Zr-2Mo Alloy Sheet at Room Temperature \, bove) 
and at the Exposure Temperature (below). 

Heat No. V-3016 
Sheet thickness:   40 mil 
Heat treatment:   1650° F, 1/2 hr, A.C. + 1450° F, 1/4 V, A.C. 
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Figure 63.     The Effect of Thermal Exposure on the Ultimate Shear Strength 
of Ti-5Al-5Sn-5Zr-lMo-lV Alloy Sliflet at Room Temperature 
(above) and at the Exposure Temperature (below). 

Heat No. V-295? 
Sheet thickness:   40 mil 
Heat treatment:   1550° F,  1/2 hr, A.C. + 1400° F,  1/4 hr, A.C. 
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C reep 

Creep strain data for the longitudinal orientation of the sheet alloys are 
shown in the following tables and figures: 

Alloy 

Ti-5Al-5Sn-5Zr 
Ti-5Al-5Sn-5Zr-lMo-lV 
Ti-6Al-2Sn-4Zr-2Mo 

Figures 

65, 66, 67, 68, 78, 79 
69, 70, 71, 72, 73, 78, 79 
74, 75, 76, 77, 78, 79 

Tables 

59 

öl 

Tables with numbers'underlined are in Appendix i. 

The comparative creep strength of the three sheet alloys evaluated in 
this program with two other titanium alloys for which data were available is shown 
in P'igures 78 and 79.    The basis for comparison is the stress for 0, 1% creep 
strain (Figure 78) and 0, 5% creep strain (Figure 79) as a function of the Larson- 
Miller time-temperature parameter.   As these figures show, the Ti-5Al~5Sn~5Zr 
alloy has higher creep strength than the alpha-beta alloys, particularly at higher 
temperatures.    The Ti-6Al-2Sn-4Zr-2Mo alloy had higher creep strength than the 
Ti-5AI-5Sn-5Zr-lMo-lV alloy.   Both the alpha-beta alloys and the all-alpha alloy 
evaluated in this program exhibited higher creep strength than the respective com- 
parative alpha-beta (Ti-6A1-4V) and the all-alpha (T1-5A1-2. 5Sn) alloys. 

Fatigue 

Data on the fatigue properties of the three sheet alloys in the longitudinal 
orientation may be found in the following figures and tables: 

Alloy 

Ti-5Al-5Sn-5Zr 
Ti-5Al-5Sn-5Zr-lMo-lV 
Ti-6Al-2Sn-4Zr-2Mo 

Figures Tables 

80, 81, 82, 83, 84 62 
85, 86, 87, 88, 89 BT 
90, 91, 92, 93, 94 M 

Tables with numbers underlined are in Appendix I. 

The effect of temperature on the fatigue strength at 107 cycles was not as 
great as might be expected from the tensile properties of the alloys.   In some in- 
stances the maximum-stress for 107 cycle endurance was greater at 400° F than 
at 70° F.   In general, the order of decreasing fatigue strength of the sheet alloys 
in the unnotched condition was (a) Ti-6Al-2Sn-4Zr-2Mo, (b) Ti-5Al-5Sn-5Zr-lMo- 
IV, and (c) Ti-5Al-5Sn-5Zr. 
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Figure 78. Comparison of Creep Strength at 0.1% Creep Deformation of Titanium 
Sheet Alloys Evaluated in this Program with Data from the Literature 
for Other Titanium Alloys. 

Referenced Data 
a - Aerospace Hdbk, Vol II. Code 3701, p 13 

Properties of T1-8A1-4V, TMCA 
b - Aerospace Hdbk, Vol II, Code 3706, p 7 

112 



22 24 26 28 30 
T(20 + log t)lQ~3 

32 34 

Figure 79. Comparison of Creep Strength at 0. 5% Creep Deformation of Titanium 
Sheet Alloys Evaluated in this Program with Data from the Literature 
for Other Titanium Alloys. 

Referenced Data 
a - Aerospace Hdbk, Vol II, Code 3707, p 13 

Properties of Ti-6A1-4V, TMCA 
b - Aerospace Hdbk, Vol II, Code 3706, p 7 
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Figure 80. S-N Curves for the Ti-5A1 -5Sn-5Zr Alloy Sheet at 70*F in the 
Notched and Unnotched Conditions. 

Heat No. D-8060 
Sheet thickness:  40 mils 
Heat treatment:   1650"F, 1/2 hr, A. C, 

Alternating Stress 

Mean Stress 

114 



10» 
Cycles to Fracture 

Figure 81. S-N Curves for the Ti-5Al-5Sn-5Zr Alloy Sheet at 400°F in the 
Notched and Unnotched Conditions. 

Heat No. D-8060 
Sheet thickness:   40 mils 
Heat treatment:   1650'F,  1/2 hr. A. C. 

A = 
Alternating Stress 

Mean Stress 
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Figure 82.     S-N Curves for the Ti-5Al-5Sn-5Zr Alloy Sheet at 800*F in the 
Notched and Unnttchei4 Conditions 

Heat No. D-8060 
Sheet thickness:   40 mils 
Heat treatment:   1650-F,  1/2 hr,  A. C. 

.  . Alternating Stress 
Mean Stress 
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Figure 85.     S-N Curves for the Ti-5A1 -5Sn-5Zr-lV-lMo Alloy Sheet at 70°F 
In the Notched and Unnotched Conditions 

Heat No. V-2957 
Sheet thickness:   40 mils 
Heat treatment:   1550'F,   1/2 hr,  A. C. + 1400-F,  1/4 hr,  A. C. 

_  Alternating Stress 
Mean Stress 
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Figure 86. S-N Curves for the Ti-5Al-5Sn-5Zr-li*lo-lV Alloy Sheet at 400°F in 
the Notched and Unnotched Conditions . 

Heat No. V-2957 
Sheet thickness:  40 mils 
Heat treatment:   1550'F.  1/2 hr, A. C. + 1400*F, 1/4 hr. A. C. 

A ■     Alternating Stress 
Mean Stre« 
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Figure 87.    S-N Curves for the Ti-5Al-5Sn -5Zr-lMo-lV Alloy Sheet at 800"F in 
the Notched and Unnotched Conditions. 

Heat No. V-2957 
Sheet thickness:   40 mils 
Heat treatment:   1550°F,  1/2 hr,  A. C. + 140CF, 1/4 hr. A, C. 

-   alternating Stress 
Mean Stress 
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10* 
Cycles to Fracture 

Figure 90.   S-N Curves for the Ti-8Al-2Sn-4Zr-2Mo Alloy Sheet at 70»F In the 
Notched and Unnotched Conditions, 

Heat No. V-3016 
Sheet thickness:  40 mils 
Heat treatment:   1650«F, 1/2 hr. A. C. + 1450»F, 1/4 hr. A. C 

-  Alternating Stress 
= War Stress 
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10* 
Cycles to Fracture 

Figure 91, S-N Curves of the Ti-6Al-2Sn-4Zr-2Mo Alloy Sheet at 400*F in the 
Notched and Unnotched Conditions , 

Heat No. V-3016 
Sheet thickness:   40 mils 
Heat treatment:   1650'F. 1/2 hr, A. C. + 1450"F, 1/4 hr, A. C. 

Alternating Stress 
" * Mean Stress 
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Figure 92.  S-N Curves for the Ti-6Al-2Sn-4Zr-2Mo Alloy Sheet at 800*F in 
the Notched and Unnotched Conditions 

Heat No. V-3016 
Sheet thickness:   40 mils 
Heat treatment:   1650oF,  1/2 hr,  A. C. + 1450°F. 1/4 hr,  A. C. 

_ Alternating Stress 
Mean Stress 
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Fracture Toughness 

Fracture-toughness data for the sheet alloys are given in the following 
tables: 

Alloy 

Ti-5Ai-5Sn-5Zr 
Ti-5Al-5Sn-5Zr-lMo-lV 
Ti-6Al-2Sn-4Zr-2Mo 

Tables 

19, 65, 66 
19, 65 BT 
19, "55", M 

Tables with numbers underlined are in Appendix I 

In most of the tests on the titanium sheet alloys, ^ross yielding occurred 
across the supporting section of the specimen in advance of the extrusion of the 
crack.   Calculation of the fracture toughness para-ieters—Kc or Kj2~in such 
instances leads to invalid results in that the values obtained from these calcula- 
tions considerably underestimate the true fracture toughness of the material. 
This is so because the crack-tip plastic zone size is actually much larger than 
that provided for in the calculation for the fracture toughness parameters.   A 
plastic zone correction term, which would not appreciably alter the results ob- 
tained, was not included in the equations for calculation of the fracture tough- 
ness.   One criterion that has been used to judge the validity of fracture tough- 
ness measurements is the ratio of the net stress (calculated from the load used 
in the fracture toughness calculation) to the yield strength.8  According to this 
criterion, the ratio (c net/Fty) should not exceed 0. 8 for the calculated factor 
to be valid.   As shown in Tables 65 and 66 the ratio was generally greater than 
0. 8 for the sheet a'oys. 

Stress-Corrosion 

Data relating to the stress corrosion of the sheet alloys may be found 
in the following tables and figures: 

Alloy 

Ti-5Al~5Sn-5Zr 
Ti-5Al-5Sn-5Zr-lMo-lV 
Ti-6Al-2Sn-4Zr-2Mo 

., igures 

95, 96, 97 
98, 99, 100 
101, 102, 103 

Tables 

20, 67 
20, 68 
20, 63 

Tables with numbers underlined are in Appendix I 

Results of the preliminary stress-corrosion tests to determine the mini- 
mum temperature at which stress corrosion would occur are summarized in 
Table 20.   As this table shows, the lowest temperature at which stress-corrosion 
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Table 19 

Summary of Apparent Fracture Toughness of the Sheet Alloys 

Notice:    Gross yielding occurred in tests at 400 and 70° F, 
and to some extent at -110" F, such that the true 
fracture toughness is not represented by data given 
in this table • 

Alloy 
Orien- 
tation 

L 
L 
L 

Temp., 
°F 

Knc  
ksi \fhi. 

35.9 
51.3 
61.5 

ksi Jin. 

Ti-5Al-5Sn-5Zr 
Ti-5Al-5Sn-5Zr 
Ti-5Al-5Sn-5Zr 

400 
70 

-110 

X 

X 

118.2 

Ti-5Al-5Sn-5Zr 
Ti-5Al-5Sn-5Zr 
Ti-5Al-5Sn-5Zr 

T 
T 
T 

400 
70 

-110 

35.7 
48.9 
60.6 

X 

X 

125.7 

Ti-5Al~5Sn-5Zr-lMo-lV 
Ti-5Al-5Sn-5Zr-lMo-lV 
Ti- 5A1- 5Sn- 5Zr- iMo- IV 

L 
L 
L 

400 
70 

-110 

44.5 
57.2 
64.8 

X 

97.5 
109.0 

Ti- 5A1- 5Sn- 5Zr- lMo- 
Ti-5Al-5Sn-5Zr-lMo- 
Ti-5Al-5Sn-5Zr-lMo- 

IV 
IV 
IV 

T 
T 
T 

400 
70 

-110 

46.3 
56.0 
52.7 

X 

95.6 
107.9 

Ti- 6A1- 2Sn-4Zr- 2Mo 
Ti-6Al-2Sn-4Zr-2Mo 
Ti-6Al-2Sn-4Zr-2Mo 

L 
L 
L 

400 
70 

-110 

48.6 
59.1 
63.3 

X 

106.5 
114.3 

Ti-6Al-2Sn-4Zr-2Mo 
Ti-6Al-2Sn-4Zr-2Mo 
Ti- 6A1- 2Sn- 4Zr- 2Mo 

T 
HP 

T 

400 
70 

-110 

41.5 
55.8 
62.6 

X 

99.7 
107.9 

Stress intensity factor reported as Knc, rather than as Kjc, be- 
cause pop-in was not observed and calculation was based on load 
deviation from linearity* 
"x" denotes that Kc could not be calculated because of gross slow 
crack extension of the specimen. 
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embrittlement occurred was 500° F for the Ti-5Al-5Sn-5Zr-lMo-lV and Ti- 
6Al-2Sn-4Zr-2Mo aUoys and 600° F for the Ti-5Al-5Sn-5Zr alloy. 

The residual yield and tensile strength of the Ti-5Al-5Sn-5Zr-lMo-lV 
and Ti-6Al-2Sn-4Zr-2Mo alpha-beta alloys are summarized in Figures 98 and 
101, where these properties are shown as a function of the time'temperature 
parameter, T(20 + log t)10"3, in which T is the exposure temperature in degrees 
Rankine and t ib the exposure time in hours.   This parameter was arbitrarily 
chosen for presentation of the data on the logic that stress-corrosion is a 
temperature-time rate phenomenon.   As these figures show, the strength pro- 
perties of these alloys did not decrease as a direct function of the severity of 
the stress-corrosion environment (time-temperature) except in those instances 
(shov-i by shaded data points on the graphs) where the stress-corrosion attack 
was so severe that fracture in thetensile tests occurred at very low deforma- 
tion levels.   The data in Figures 98 and 101 indicate that the residual yield 
strength of the Ti-5Al-5Sn-5Zr-lMo-lV and Ti-6Al-2Sa-4Zr-2Mo alloys decreased 
as a function of the exposure stress.   In contrast, both the yield and tensile 
strengths of the all-alpha alloy decreased appreciably with the more severe 
exposure conditions and there was no apparent relationship between the residual 
strength and the exposure stress, as may be seen in Figure 95.   As Figures 96, 
99, and 102 show, the residual tensile ductility decreased as the stress-corrosion 
time and temperature increased.   Tne photomicrographs in Figures 97, 100 
and 103 show representative examples of the corrosive attack on each alloy at 
different stress-corrosion conditions.   Photomicrographs were not obtained for 
conditions where visible evidence of corrosion was not found in microscopic 
examination of samples. 

Dynamic Modulus 

Figure 104 and Table 21 show the average dynamic moduli for 
longitudinal and transverse directions of the sheet alloys as functions of 
temperature.    The dynamic moduli decreased with temperature to about 
the same level observed in the tensile tests (11 x 1O0 psi to 12 x 106 psi 
at 1000° F). 
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20 

15 

10 

Erposure Temperatures 
|— 800»F —I — 700»F —I 

l-800«F-l       M00«FJ 

A 40% Fly 
O 80* Fty 
D 80% Fjy 

24 26 
T(20 + logt) 10 *: 

Figu-e 96. Ductility of the Ti-5Al-5Sn-5Zr Alloy Sheet 
After Stress-Corrosion Exposure at Different 
Times, Temperature and Stresses to Dry Salt 

Heat No.   D-8060 
Sheet thickness:  40 mils 
Heat treatment:   165C"F, 2 hr, A. C. 
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20 

15 

-? 10 il-rjl! 

Exposure Temperature 
500s F-l    fc-600° F-l    J-700' F 

I i i 1111 r rt H+tffm 

Exposure Stress 

A 40% Fw 
O 60% Fty 
D 80%Fty 

Vt" 

U £ 

s; 

J_J. 

h800° F-l 

* :r 
20 22 24 26 

T(20 + log t)10-8 
28 30 32 

Figure 99. Ductility of Ti-5Al-5Sn-5Zr-lMo-lV Alloy Sheet after Stress- 
* Corrosion Exposure at Different Times, Temperatures, and 

Stresses to Dry Salt. 

Heat No. V-2957 
Sheet thickness:   40 mils 
Heat treatment:  1550° F, 1/2 hr, A.C. + 1400'F, 1/4 hr, A.C. 
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~~H^ 
f—: i i : : • Exposure Temperature 

h500°F-|    J-000'F-|     f-700°F-|     [-800° F-| £ 
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20 22 24 26 
T{20 + log t)10 
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Figure 102. Ductility of the Ti-6Al-2Sn-4Zr-2Mo Alloy Sheet After Stress- 
Corrosion Exposure at Different Times, Temperature«, and 
Stresses to Dry Salt. 

Heat No. V-3016 
Sheet thickness:   40 mils 
Heat treatment:   1650° F, 1/2 hr, A.C. ■» 1450° V, 1/4 hr, A.C„ 
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600° F, 100 hr, 60% F 
ty 600° F, 1000 hr, 40% F 

ty 

700° F, 100 hr, 60% F^ 
800° F, 100 hr, 60% 

> 
Figure 103.   Stress-Corrosion Damage to the Ti-6Al-2Sn-4Zr-2Mo Alloy Sheet 

after Exposure to Different Temperature-Time-Stress Conditions 

Heat No. V-3016 
Sheet thickness:  40 mils 
Heat treatment:   1650° F, 1/2 hr, A.C. + 1450° F, 1/4 hr, A.C. 
All specimens etched in 1 ml Hf + 2 ml HNOs + 98 ml HaO 

and photographed at 750X. 
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Table 21 

rf eT^a™ *!°dUli? Ela8ticit? a* ^ferent Temperatures 
of Three Titanium Alloys in the Form of Forty- MU Sheet 

Alloy 

Ti-5Ai-5Sn-5Zra 

_, E,   10° psi 

H45 

Ti-5Al-5Sn-5Zr-lMo-lVb  14.52 

Ti-6Al-2Sn-4Zr-2MoC 15.48 

10.92 

11.07 

12.58 

Heat No. D-8090, Heat treatment:   1650« F. 1/2 hr   AC 
Heat No. V-2957, Heat treatment:   1550» F. }/? £| A.'C.' + 

c 1400° F   * i4 hr   A* r* 
Heat No. V-3016. Heat treatment:   1650« F, 1/2 hr! A.C   ♦ 

1450° F, 1/4 hr,' A.C. 

:*■. 
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Bar Alloys 

Tensile 

The following tables and figures show results of tensile tests on the 
bar alloys: 

Alloy Figures  Tables  

Ti-5Al-5Sn-5Zr        105, 106, 107, 111. 112, 113     22, 24, 25, 70, 71, 74 
Ti-679 108, 109, 110, 111, 112, 113     23, ?4, 25, 72, 73, 7? 

Tables with numbers underlined are in Appendix I 

As Figures 111 and 112 show, the tensile strength properties of the alpha- 
beta Ti-679 alloy are considerably higher than those of the all-alpha Ti-5Al-5Sn- 
5Zr alloy bar up to 1000° F.   The strength properties of  the Ti-679 alloy were also 
greater than those of the comparative alpha-beta alloy (T1-6A1-4V), and the Ti-5A1- 
5Sn-5Zr alloy bar had higher strength than the comparative all-alpha alloy (Ti- 
5A1-2. 5Sn). 

Table 24 shows the results of the precision-modulus-of-elasticity mea- 
surements on the bar alloys at room temperature.   The results of these tests 
and the modulus of elasticity as measured from the recorded stress-strain curves 
in the tensile tests indicate that the modulus of elasticity of the Ti-679 alloy at 
room temperature may be slightly higher than that of the Ti-5Al-5Sn-5Zr alloy. 

Results of notched tensile tests on the bar alloys are given in 
Table 25. 

Compression 

The tables and figures listed below show data on the compression properties 
of the two bar alloys: 

Alloy Figures Tables 

Ti-5Al-5Sn-5Zr        114, 115, 117       26, 75 
Ti-679 114, 116, 117       26, 75 

Tables with numbers underlined are in Appendix I 

Compression data given in Figure 117 for the two bar alloys evaluated in 
this program show that the Ti-679 bar has higher compressive strength than the 
Ti-6A1-4V alloy selected for comparison. 

144 



Table 22 

Summary of the Averages and Standard Deviations for the 
Tensile Properties of the Ti--5Al-5Sn-5Zr Alloy Bar at 
Different Temperatures0'b' c 

Heat No.   D-806Q 
Temp. 

Avg. 
ksi 

s 
Ftu, 

Avg. 
ksi 

s 
e % R.A., 

Avg. 
% 

8 
Et.   10" psi 

°F Avg. s Avg.            s 

70 122.0 0.9 130.1 1.4 16.0 0.9 38.6 2.4 16.5          0.5 
400 80.4 0.7 94.8 0.9 20.5 1.6 44.6 1.8 15.4          0.9 
600 67.8 1.6 86.2 0.9 21.1 2.1 46.8 2.3 14.6          1.6 
800 59.8 1.9 79.. 9 0,9 28.4 1.5 51.1 1.7 13.3          0.8 

1000 53.1 1.6 75.8 0.8 22.8 1.1 51.2 1.5 11.9          0.6 

Heat No.   D- 1793 
Temp. Fty. ksi Ft». 

Avg. 
ksi 

s 
e, % R.A., 

Av§. B 

E^ 10« psi 
°F Avg. s Avg. s Avg.            s 

70 116.5 1.4 122.7 1.2 17.1 1.2 40.1 1.0 16.6          0.2 
400 81.3 0.8 95.5 0.3 21.3 0.5 45.8 0.8 16.7          1.6 
600 67.7 0.6 87.8 0.6 23.3 0.5 49.1 0.7 14.5          1.1 
800 61.6 0.4 81.4 0.5 27.3 0.5 52.2 0.8 14.5          1.1 

1000 59.9 0.5 77.7 0.4 22.7 0.7 52.5 0.9 12.1          1.0 

a   Averages and standard deviations are based on 10 evaluations at each temperature, 
b   Heat treatment:   1650° F, 2 hr, A.C. 
c   Section size:   1/2 in. x 1-1/8 in. 
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Table 23 

Summary of the Averages and Standard Deviations for 
the Tensilo Properties x>f the Ti-879 Alloy Bar at Dif- 
ferent Temperatures '  ' 

Heat No.   D-7 274 
Temp. ksi 

8 

Ftii* 
Avg^ 

ksi 
s 

6 % R.A., 
Avg. 

% 
s 

Et.  10« psi 
•F Avg. 8 s 

70 138.6 2.^ 148.6 J.9 14.4 0.5 42.9 2.4 15.2 0.3 
400 100.3 2.4 121.5 2,3 15.7 1.2 48.8 1.9 14.6 0.8 
600 89.8 1.7 114.1 1.9 13.9 0.7 48.9 3.4 12.7 0.6 
800 83.1 1.8 108.8 1.7 15.4 0.9 49.2 2.1 13.3 0.4 

1000 77.4 2.0 99.7 1.9 17.3 0.7 56.5 4.; 12.3 0.7 

Heat No.  D-842? 
Temp, Fpf, 

Avg. 

131.0 

ksi 
& 

1.9 

Fqj. 
AV&V 

142.9 

ksi 
s 

1.5 

e, % R* A. f 

Avg. 

42.4 

% 
3 

2.5 

Et, ifl» 
AvSv 

15.3 

psi 
°F 

12.2 

3 

0.4 

s 

70 0.1 
400 D6.5 2.4 116.7 1.6 13.8 0.6 48.7 2.4 14.0 O.tf 
600 85.7 2.2 108.3 1.7 13.1 0.6 48.2 3.1 13.9 0.8 
800 81.5 2.1 104.6 1.8 14.2 1.2 50.3 3,5 13.0 0,4 

1000 74.0 1.9 97.2 1.1 15,5 0.7 54.3 3.0 12.3 0.9 

a   Averages and standard deviations are based on 10 evaluations at each temperature, 
b   Heat treatment:   1650° F, 2 hr, A.C.  + 930° F, 24 hr, A.C. 
c   Section size:   1/2 in. x 1-1/8 in. 
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Figure 108. The 0. 2%-Offset Yield Strength, Tensile Strength and the 
Modulus of Elasticity in Tension of Ti-879 Alloy Bar 

Section size:  1/2 in. x 1-1/8 in. 
Heat treatment:  1650e F, 2 hrk A.C. + 930^, 24 hr, A.C. 
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Section size:   1/2!". \ 1-1/8 in. 
Heat treatment:   1650° F, 2 hr, A.C., 930° F, 24 hr, A.C. 
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200 400 6CG 800 
Temperature, ° F 

1000 1200 

Figure HI,   Comparison of the 0. 2%-Cfset Yield Strength of Titanium Bar 
Alloys Evaluated in this Program with Data from the Literature 
for Other Titanium Alloys 

Referenced data 
a - MILEUBV 5, p 5.4. 6. 2.1 (b) 
b - MILHDBK 5, p 5. 3.1. 2.1 (b) 
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200 400 600 800 
Temperature,  * F 

1000 1200 

Figure 112. Comparison of the Ultimate Tensile Strength of Titanium Bar 
Alloys Evaluated in this Program with Data from the Litera- 
ture for other Titanium fdloys 

Referenced data 
a - MILHDBK 5, p 5.4.6. 2.1 (a) 
b - MILHDBK 5, p 5. 3.1. 2.1 (a) 
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Figure 113.  Comparison of Elongation and Modulus of Elasticity in Tension 
of Titanium Bar Alloys Evaluated in this Program with Data 
from the Literature for other Titanium Alloys 

Referenced Data 
a - MILHDBK 5, p 5.4.6. 2.4 
b - MILHDBK. 5, p 5. 3.1. 2.4 
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Table 24 

Precision Modulus of Elasticity of the 
Bar Alloys at Room Temperature3*   *c 

Modulus of 
Elasticity, 

Alloy 106 psi 

Ti-5Al-5Sn-5Zr 16.563 

Ti-679 15.806 

a      Section size;   1/2 in. x 1-1/8 in. 

b      Heat Nos. 
Ti-5Al-5Sn-5Zr:   D-8060 
Ti-579:  D-7274 

c      Heat treatment: 
Ti-5Al-5Sn-5Zr:   1650e F, 2 br, A.C. 
Ti-679:   1650° F, 2 hr, A.C.  + 

930° F, 24 hr, A.C. 
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Table 25 

Summary of Averaged Notched Tensile 
Strength of the Bar Alloysa'   'C 

Temperature, ° F 
~~7ö 4W~ SÜÜ" 

Ti-5Al-5Sn-5Zr 199,0        140.6        115.6 

Ti-679 218.7        175.6        164.8 

a      Section size:   1/2 in. x 1-1/8 in. 

b     Heat treatment: 
Ti-5Al-5Sn-5Zr, 1650J F, 2 hr, A.C. 
Ti-679, 1650° F, 2 hr, A.C. + 

930° F, 24 hr, A.C. 

c      Notched 45* , 0.010 in. radius, 0.187 in. 
minimum diameter to produce Kt = 3. 
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Table 26 

Summary of Averages and Standard Deviations for the 
Compression Properties at Different Temperatures of 
the Ti-5Al-5Sn-5Zr and Ti-679 AUoys in Bar Form 

Ti-5Al-SSn-5Zr (Heat No. D-8060) 

Fcy< ksi Er, 10* psi 
Temp, " F Avg. 8 Avg,           s 

70 126.9 3.1 15.4          0.3 
400 86.9 2.5 14.2          0.1 
600 73.5 2.8 13.3          0.2 
800 64.8 3.0 12.6          0.2 

1000 64.3 2.5 11.8          0.2 

Heat treatment:   1650* F, 2 hr, A. C. 

Ti-679 (Heat No* D-7274) 

Fcy» ksi Er. 
Avg. 

10* psi 
Temp, * F Avg." s s 

70 140.2 1.7 14.5 0.2 
40C 104.4 3.8 13.8 0.2 
600 93.3 1.0 12.9 0.2 
800 87.0 1.5 12.0 0.1 

1000 80.2 1.1 11.5 0.2 

Heat treatment:   1650° F, 2 hr, A. C. + 930* F, 24 
hr, A.C. 

Section size:   1/2 in. x 1-1/8 in. 
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f^ure 114. The 0. 2%-Offset Yield Strength and Modulus of Elasticity in Compression 
of Ti-5Al-5Sn-5Zr and Ti-679 Alloys in Bar Form at Different Tempera- 
fifflUU .  

Ti-5AI-5Sn-5Zr Ti-679 

Heat No. D-8060 D-7274 
Heat treatment:    1650* F, 2 hr, A.C.      1850*F, 2 hr, A.C. + 930'F, 2*hr, A.C. 
Section size: 1-1/8 in. x 1/2 in. 1-1/8 in. x 1/2 in. 
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Figure Ü5. Effect of Temperature on the Compressive Properties 
of Ti-5Al-5Sn-5Zr Alloy Bar 

Heat No. D-8060 
Section size:  1-1/8 in. x 1/2 in. 
Heat treatment:   16E0" F, 2 hr, A.C. 
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Figure 
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Temperature, • F 

800 1000 

Heat No. D-7274 
Section size;   1-1/8 in. x 1/2 in 
Heat treatment:   1650'F, 2 hr. A.C. + 930« F, 24hr.A.C. 
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Figure 117.   Comparison of the Compressive Properties of Titanium Alloy 
Bar Evaluated in this Program with Data from the Llteratui 
for Other Titanium Alloys, 

Referenced data 
a - M1LHDBK 5, p 5.4.6. 2. 2, (a) 
b - MILHDBK 5, p 5.4. 6. 2.4 
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Shear 

Data on the shear strength of the Ti-679 and Ti-5Al-5Sn-5Zr bar al- 
loys are given in tables and figures as shown below: 

Alloy Figures 

Ti-5Al-5Sn-5Zr 
Ti-679 

118, 120, 121 
119, 120, 121 

Tables 

27, 77 
27, 7B 

Tables with numbers underlined are in Appendix I 

The ultimate shear strengths of the bar alloys were about 0. 7 to 
0.8 of their respective tensile strengths at room and elevated temperatures. 

Thermal Exposure 

Data for tensile and hardness tests subsequent to thermal exposure 
are given in tables and figures as shown belcw: 

Alloy 

Ti-5Al-5Sn-5Zr 
Ti-679 

Figure 

122 
123 

Tables 

79, 80 
7Ü, 81 

Tables with numbers underlined are in Appendix I 

No significant change in tensile properties was observed, either in 
tests at room temperature or at the exposure temperature, whicn indicates 
that the tensile properties of the ^ar alloys were not adversely affected by 
thermal exposure. 
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Table 27 

Summary of Averages and Standard Deviations for the 
Ultimate Shear Strength at Different Temperatures of 
Two Titanium Alloys, Bar Forma* 

Temp. 
°F 

70 
400 
600 
800 

1000 

Ti-5Al-5Sn-5Zr 
Fnu,   ksi 

Avt 
SMS. 

102.9 
76.7 
70.2 
65.3 
61.5 

S.9 
1.7 
2.8 
1.3 
0.3 

Ti-679 
Fsu« ksi 

.AZIL s 

106.5 3.8 
85,6 3.8 
80.8 1.5 
77.4 1.6 
72.3 2.6 

a   Section size:   1-1/8 in. x 1/2 in. 
b   Heat treatments: 

Ti-5Al-5Sn-5Zr, 1850° F, 2 hr   AC 
Ti-679, 1650° F, 2hr, A.C.  +*930*F. 24 hr, A.C. 

164 



200 400 600 
Temperature,   " F 

800 1000 

Figure 118.   The Ultimate Shear Strength of Ti-5Al-5Sn-5Zr Alloy 
Bar at Different Temperatures. 

Heat No. D-8060 
Section size:   1-1/8 in. x 1/2 in. 
Heat treatment:   1650° F, 2 hr, A.C. 
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Figure  119. The Ultimate Shear Strength of Ti-6?9 Alloy Bar at 
Different Temperatures. 

Heat No. D-7274 
Section size:   1-1/8 in. x 1/2 in. 
Heat treatment:   1650" F, 2 hr, A.C. + 930° F, 24 hr, A.C. 
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Figure  120.   The Effect of Temperature on the Ultimate 
Shear Strength of Two Titanium Alloys 

Section size:   1/2 in, x 1-1/8 in. 
Heat treatment:  As shown for each alloy. 
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Figure 121. Comparison of Ultimate Shear Strength of Titanium Bar Alloys 
Evaluated in this Program with Data from the Literature for 
Other Titanium Alloys. 

Referenced Data 
a   MIL HDBK 5„ p 5. 4. 6, 2. 2   (a) 
b   MIL HDBK 5, p 5. 3. 1. 2. 2   (a) 
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Figure 122. Effect of Thermal Exposure on the Tensile-Strength Pro- 
perties of Ti-5Al-5Sn-5Zr Allo; 3ar at Room Tempera- 
ture (above) and at the Exposure Temperature (below). 

Heat No. D-8060 
Section f?ize;   1/2 in. x 1-1/8 in. 
Heat treatment:   1650" P\ 2 h.    AC. 
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Creep 

Vhe results cf creop tests on the bar alloys ars given in the tables and 
figures as shown below: 

Alloy Figures 

Ti-5Ai-5Sn-5Zr        124, 125, 12o, 127, 132, 133 
Ti-679 128, 129, 130, 131, 132, 133 

Tables 

82 
83 

Tables shown are in Appendix I 

Comparative creep data at the 0,1% and 0, 5% deformation, in Figures 
132 and 133 respectively, show that the creep strength of the Ti-679 alloy is 
superior to that of the Ti-5Al-5Sn-5Zr alloy at low parameter values, but the 
relative creep strength of the two alloys reversed for higher values of the 
time-temperature parameter. Both bar alloys evaluated in this program had 
higher creep strength than the comparative alloys for which data are shown 
in Figures 132 and 133. 

Impact 

Data for the impact tests on the two bar alloys are given in Tables 28 
and 29 and Figure 134.   The results of individual tests are shown in Tables 84 
and 85 in Appendix I.   The impact strength of the alloys was comparable at 
room temperature, but at elevated temperatures the Ti-5Al-5Sn-5Zr had 
higher impact strength than the Ti-679 alloy. 

Fatigue 

Results of the fatigue tests on unnotched and notched specimens of the 
two bar alloys are shown in the following tables and figures: 

Alloy 

Ti-5Al-5Sn-5Zr 
Ti-679 

Figures 

135, 136, 137, 138, 139 
140, 141, 142, 143, 144 

Tables 

86 
87 

Tables are in Appendix I 
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Figure 132. Comparison of Creep Strength at 0.1% Creep Deformation of Titanium 
Bar Alloys Evaluated in this Program with Data from the Literature 
for Other Titanium Alloys 

Referenced Data 
a - Aerospace Hdbk, Vol II, Code 3707, p 13 

Properties of Ti-6A1-4V, TMCA 
b - Aerospace Hdbk, Vol II, Code 3706, p 7 
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Figure 133. Comparison of Creep Strength at 0. 5% Creep Deformation of Titanium 
Bar Alloys Evaluated in this Program with Data from the Literature 
for Other Titanium Alloys 

Referenced Data 
a - Aerospace Hdbk, Vol II, Code 3707, p 13 

Properties of Ti-6A1-4V, TMCA 
b - Aerospace Hdbk, Vol II, Code 3706, p 7 
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Table 28 

Averaged Impact Strength for the 
Ti-5Al-5Sn-5Zr Bar Alloy a'b'c 

Temp., 
°F 

70 
400 
600 
800 

Impact 
Strength 

ft-lb 

11.5 
21.7 
30.8 
42.7 

a     Heat No. D-8060 
b      Section size:   1/2 in, x 1-1/8 in. 
c      Heat treatment:   1650° F, 2 hr, A.C. 
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Table 29 

Averaged Impact Strength for 
the Ti-679 Bar Alloy™, c 

Temp., 
•F 

70 
400 
600 
800 

Impact 
Strength 

ft-lb 

a   Heat No. D-7274 

c   Hea't'tr S\Ze:   1/2 in' X U1'* *- c   Heat treatment:   1650° F, 2 hr   A C 
+ 930° F, 24 hr, A.c. 
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Figure 134. The Effect of Temperature on the Impact Strength 
of the Ti-5Al-5Sn-5Zr and Ti-679 Bar Alloys 

Heat treatment and heat number 

Ti-5A-5Sn-5Zr:  1650CF. 2 hr, A. C. D-8060 
Tl-679:   1850°F, 2 hr, A. C. + 930-F+ 24 hr, 

A.C., D-7274 
Section:   1/2 in. x 1 1/8 in. 
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Figure 136.  S-N Curves for the ri-5Al-5Sn-5Zr Alloy Bar at 400° F in the Notched and 
Unnotched Conditions 

Heat No. D-8060 
Section size:   1-1/8 in. x 1/2 in. 
Heat treatment:   1650° F, 2 hr, A.C. 
A .   Alternating Stress 

Mean Stress 
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Figure  137. S-N Turves for the Ti-5Al-5Sn-5Zr Alloy Bar at 800" F in the Notched and 
Unr Hched Conditions 

Heat No. D-8060 
Section size:   1-1/8 in. x 1/2 in. 
Heat treatment:   1650ccF, 2 hr, A. C. 

Alternating Stress 
Mean Stress 
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Figure 140. S-N Curves for the Ti-679 Alloy Bar at 70° F in the Notched and Unnotched Conditions. 

108 

Heat No. D-7274 
Section size:   1-1/8 in. x 1/2 in. 
Heat treatment:   1650°F, 2 hr, A.C. + 930° F, 24 hr, A.C. 
A -      Alternating Stress 

Mean Stress 
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Figure 141. S-N Curves for the Ti-679 Alloy Bar at 400* F in the Notched and Unnotched Conditions. 

Heat No. D-7274 
Section size:   1-1/8 in,, x 1/2 in. 
Heat treatment:   1650° F, 2 hr, A.C. + 930° F, 24 hr, A.C. 
A .       Alternating Stress 

Mean Stress 
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104 10» 108 10T 10" 
Cycles to Fracture 

figure 142. S-N Curves for the Ti-679 Alloy Bar at 800° F in the Notched and Unnotched Conditions. 

Heat No. D-7274 
Section si-e:   1-1/8 in. x 1/2 in. 
Heat treatment:   1650° F, 2 hr# A. C. + 930" F, 24 hr, A. C. 
A Alternating Stress 

Mean Stress 
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The constant-life fatigue diagrams (Figures 135 and 140) show that the 
Ti-679 alloy had higher fatigue strength than the Ti-5Al-5Sn-5Zr alloy in the 
unnotched condition.   Figures 136 and 141 show that the fatigue strength of the 
Ti-679 bar was also slightly higher than that of the Ti-5Al-5Sn-5Zr bar in the 
notched condition. 

Fracture Toughness 

Values of the apparent fracture toughness for the bar alloys are given in 
Table 30 and Table 88 (Appendix I).   As was the case for the sheet alloys, gross 
plastic yielding in advance of the crack occurred, which prevented calculation of 
the true fracture toughness.    Tables 30 and 88 are clearly marked to indicate 
that the calculated values represented only the apparent fracture toughness.   The 
criterion8 that has been used to judge the validity of the calculated plane-strain 
fracture toughness for a single-edge-notched specimen is that the nominal stress 
at the crack tip (CT nom) should not exceed the yield strength.   As Table 88 shows, 
or nom/Fty was generally greater than 1. 0, indicating that the calculated values 
are not representative of the true fracture toughness of the bar alloys. 

Dynamic Modulus of Elasticity 

The dynamic moduli of elasticity of the bar alloys is s-hown by data in 
Table 31 and Figure 145. 

These data are in agreement with the precision modulus of elasticity de- 
terminations and the moduli as determined from the tensile strers-strain curves, 
in that the modulus of the Ti-679 alley appears to be slightly lower than that of 
the Ti-5Al-5Sn-5Zr bar at most temperatures. 
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Table 30 

Summary of Apparent Fracture-Toughness of the Bar Alloys 

Notice:   Gross yielding occurred in tests at 400 and 70" F, 
and to some extent at -110" F, such that the true 
fracture toughness is not represented by data given" 
in this table. 

Temp., Knc 
Alloy °F ksi \jin. 

Ti-5Al-5Sn-5Zr 400 49.4 
Ti-5Al-5Sn-5Zr 70 69.1 
Ti-5Al-5Sn-5Zr -110 55.7 

Ti-679 400 54.8 
Ti-679 70 60.8 
Ti-679 -110 52.7 

Stress intensity factor reported as Knc, rather 
than Kjc, because pop-in was not observed, and 
calculation was based on load deviation from 
linearity. 
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Table 31 

The Dynamic Moduli of Elasticity at Different Temperatures 
of the Ti-5Al-5Sn-5Zr and Ti-879 Alloys in Bar Form 

Alloy 

Ti-oAl-oSn-oZr1 

Ti-679b 

70" F 

16.88 

15.37 

E.  10° pel 
KRFF—  8ÖÖ" F 

15.56 

14.09 

8ÖÖ8 F      IÖÖÖ" F 

14.85 

13.47 

13.75 

12.64 

12.75 

11.91 

a  Section size:   1/2 in. x 1-1/8 in. 
D  Heat treatments: 

Ti-5Al-5Sn-5Zr:   1650° F, 2 hr, A. C. 
Ti-679:   1650° F, 2 hr, A.C. + 930° F, 24 hr, A.C. 

196 



u 
n 
c 
3 

I ä 

a 
113 

s 
3 

II 

9 

1 
I 

if 

a 
6 
n 
H 

II §2 
v a 
.d  O 
HO 

Li 

jed 9oi '^TDnßBT3 J° Btqttpan O^UIVOäQ 

197 



RESULTS OF THERMAL-PROPERTY TESTS 

Thermal Conductivity 

The thermal conductivities of the titanium alloys are showr.  n Figure? 
146 through 150; the data are given in Tables 89 through 93 in App v. 1ix II, and 
the conductivities of all the alloys are shown in a composite plot in. Figure 151. 
The conductivities increased with increased temperature from about 52 to 57 
Btu/hr/ft2/0 F/in. at 100° F to from 88 to 93 Btu/hr/ft2/° F/in. at 1000° F. 
The conductivity of Ti-679, as seen in Figure 150, agrees well above £00° F 
with a curve from the Titanium Metals Corporation of America literature but 
is higher at the lower temperatures.   Also shown in Figure 151 is the range 
of data for seven titanium alloys containing from 4% *o 8% aluminum plu£ 
small percentages of various other elements as compiled by the Armour Re- 
search Foundation and reported in WADC-TR-58-47Ö.    The con Juctivities of 
these foux ullcys were within the range shown except at above 900° F, where 
they were slightly lower.   There was no difference in the conductivity of the 
Ti-5Al-5Sn-5Zr in bar and sheet form. 

Thermal Expansion 

The thermal expansions of the alloys are shown in Figures 152 through 
159 and the data are given in Tables 94 through 101 in Appendix II.   No dif- 
ferences in thermal » xpansion were detected between the alloy Ti~5Al-5Sn-5Zr 
in bar form and in sheet form, and no differenceö were detected in the ex- 
pansions parallel and transverse to the rolling direction of the sheet materials. 
The total thermal expansion of all the materials from room temperature to 
1000° F was about 5 x 10"3 in. /in. and the coefficients of thermal expansion 
near 700° F were from 5. 5 to 5. 8 x 10"6 in. /in. /° F.   A composite plot of 
the thermal expansions of the four alloys is given in Figure 160. 

Literature values for the coefficients of thermal expansion from room 
temperature to about 500° F of similar alloys range generally from 5 to 5. 7 
x 10"6 in. /in. /° F. 
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52.   The Thermai Expansion of the Titanium Alloy Ti-5AI -5Sn-57r in Sheet Form 
Parallel to the Rolling Direction. 

Heat No. D-8060 
Sheet thickness:   40mil 
Hest Treatment:   1650° F, 1/2 hr, A.C. 
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Figure 153. The Thermal Expansion of the Titanium Alloy Ti-5Al-5Sn-57r in Sheet 
Form Transverse to the Rolling Direction 

Heat No. D-8060 
Sheet thickness:   40 mils 
Heat treatment:   1650° F. 1/2 hr, A.C. 
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Figure 155. The Thermal Expansion of the Titanium Alloy Ti-5Al-5Sn-57r-lMo-iV in 
Sheet Form Transverse to the Rolling Direction. 

Heat No. V-2957 
Sheet thickness:  40 mil 
Heat treatment:    1550° F, 1/2 hr. A. C. + 1400° F, 1/4 hr, A.C. 
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Figure 156. The Thermal Expansion of the Titanium Alloy Ti-6Al-2Sn-4Zr-2Mo in 
Sheet Form Parallel to the Rolling Direction. 

Heat No. V-3010 
Sheet thickness:  40 mil 
Heat treatment:   1650* F, 1/2 hr, A.C. + 1450" F, 1/4 hr, A.C. 
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Figure 157. The Thermal Expansion of the Titanium Alloy Ti-6Al-2Sn-4Zr-2Mo in Sheet 
Form Transverse to the Rolling Direction. 

Heat No. V-3016 
Sheet thickness:  40 mil 
Heat treatment:  1650° F, 1/2 hr, A.C. + 1450* F, 1/4 hr, A.C. 
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Figure 158. The Thermal Expansion of the Titanium Alloy Ti-5AI-5Sn-5/r in Bar Form 
Parallel to the Rolling Direction. 

Heat No. D-8060 
Section size:   1/2 in. x 1-1/8 in. 
Heat treatment:  1850° F, 2 hr, A.C. 
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Figure 159, The Thermal Expansion of the Titanium Alloy Ti-679 in Bar Form 

Parallel to the Rolling D;reotion. 

Heat No. D-7274 
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Specific Heat 

The enthalpies and heat capacities of the four alloys are given in 
Figures 161 through 164 and the data are given in Tables 102 through 106 
in Appendix II.   A composite plot of the heat capacities is given in Figure 
165.   The heat capacities of the four alloys ranged from about 0,12 to 0.13 
Btu/lb/° F from 100° F to 500° F, increasing slightly above 500° F.   At 
1000° F the heat capacity of the Ti-679, Ti-5Al-5Sn-5Zr, and Ti-5Al-5Sn- 
5Zr-lMo-lV ranged from 0.14 to 0.15 Btu/lb/° F and the heat capacity of 
the Ti-5Al-2Sn-4Zr-3:Mo was about 0.17 Btu/lb/° F. 

The heat capacities at room temperature for the four alloys as calcu- 
lated from heat capacities and the weight percentages of the alloying elements 
agreed well with the measured values.   The calculated heat capacities were 
as follows:   Ti-679, 0.115 Btu/lb/° F; Ti-5Al-5Sn-5Zr, 0.122 Btu/lb/° F; 
Ti-5Al-5Sn-5Zr-lMo-lV, 0.122 Btu/lb/° F; Ti-6Al-2Sn-4Zr-2Mo, 0.125 
Btu/lb/° F.    These values all fall in the range of measured heat capacities 
from 0.12 to 0.13 Btu/lb/° F. 

The enthalpy and heat capacity curves shown represent the best fit of 
the data by the graphical and least squares methods.    The equations for the 
four alloys are given below. 

1. Alloy:   Ti-679 

h85 - 117 x 10"3T + 71. 3 x 10"7T2 + 30. 8 x lO^T"1 - 71. 8 
HC = 117 x 10-3 + 142, 6 x 10'7T - 22. 9 x 102T-2 

2. Alloy:   Ti-5Al-5Sn-5Zr 

h85 = 1.46 x 10"3T + 501 x 10"7T2 - 285 x 102T_1 + 36. 4 
HC = 1.46 x 10-3 + 1002 x 10"7T + 251 x 102T"2 

3. Alloy:   Ti-5A1-5Sn-5Zr -lMo-lV 

h8S = -71. f x 10-3T + 732 x 10'7T2 - 488 x 102T_1 + 107 
HC = -71. 8 x 10"3 + 1464 x 10"7T + 426 x 102T"2 

4. Alloy:   Ti-6Al-2Sn-4Zr-2Mo 

h85 = -143 x 10"3T + 1078 x 10"7T2 - 575 x 102T"1 + 151 
HC - -143 x 10-3 + 2156 x 10"7T + 519 x 102T'8 

214 



V a 
a. 
a 
U 

£ 

0.2 

0.1 

oL 
ft- -4- - 

Heat Capacity 
O Graphical Solution 
+ HC = 1.46 x 10-* + 1002 x 10-  T + 251 x 10* T"1 

(T in 'Rankine) 
EECffl 1-n-n-rrrri-n-rT-rrm-iTtTM :■: ■ ; i • ; r T-i 

200 400 600 80C 
Temperature - 'F 

1000 

125 

100 

.o — 

75 

50 

25 

Enthalpy  ifH I III II I tifltÜii-l lüJJiÜttt±ü±fcÜ:iti 
+ Least Squares Curve Fit (150"F - 950°F) 

ht9 = 1.46 x 10"*T + 501 x 10"7T* - 285 x 10«T*1 + 38.4 
(T in "Rankine) 444^;; tttt ITTTH I II I 1 II'1^1" 

200 1000 

Figure 161. The 
and 

400 600 800 
Terrperature - °F ( 
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In Sheet Form 

Heat No. V-2957 
Sheet thickness:  40 mils 
Heat treatment:   1550° F. 1/2 hr. A.C. + 1400° F. 1/4 hr. A.C. 

216 



400 600 800 
Temperature - *F 

1000 

3   O 

0 S 
i   u 

W oo 

Enthalpy 
+ Least Squares Curve Fit (150eF - 

h«, : -143 : 10"*T  + 1078 x 10"TT 

0Knot?\                         tin; 
a - 575 x 10*T~* + 151 Ü-- ZZZZ". 

IT in ^Y anleinr'l         "T t   - T ■ 

J-    ...1    ■ _L|J L_     • w P5 t       r.    ,  rfr   I / 
2 H~ 

•" ^K   -1 I■ 
,                                                           j i 2 

. .' 
'                                                         i \ r 

^t 

.   _    - —2     -     -T 
2'                     X 

,   U   . r    i   i loo :::::::";::T:I::"::;:::::::: 1 ™ 

'       1 j           i 
1      j ■ 

 4_JI„_J_J j  

 #Specimen 3 i  
7c .::::::::;:::x:::::;::;::::::: "5 :      :.::_    ^tt:::::::: -^ j  

\ J"     -     - -                -J-   _ -4_ -   - 

i                           J Ü / 
^ 

wn   ■■   . ■    ,...,-..... I_ .,.„.__..., ji ._ .   
50    ":   -  .   ^".I^LIZ.Z.Z.. 

 1:::::::::::::;:::;:: 

' --------------F--  ---- + --- ■--  T__.-_ 
L' 

i ^T 
25   --.      . r1   ±iZ   :     , , ■-*---+-- 

^T" 
<    . >k  r                                                  ' ' 

fjT 
h r                                  | 

. /     i  -/L. T ._ rip-....    .... ^_..._ ± ip: 
r     I         r 1       ■ 

o ......1..J LL.ilJ ........ 
200 1000 400 600 eoo 

Terrperature - °F 
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The temperatures (T) in these equations are in degrees Rankine, and the 
equations are limited to a temperature range from about 150° F to about 
900° F.    The enthalpies and heat capacities calculated using these equations 
are also plotted in Figures 161 through 164 at several temperatures. 
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CONCLUSIONS 

The data developed in this investigation were analyzed by the normal 
statistical techniques used to establish mechanical-property design allowables 
for MIL-HDBK 5e and the results of these computations are given in tables 
32 - 35 for the different alloys.   It is recognized that the numbers of tests and 
heats upon which these computations are based is not sufficient for inclusion of 
these data sheets in MIL-HDBK 5 and these values may change as additional 
data become available.    These values are intended to serve as a means for 
comparing these alloys with competitive alloys presently in MIL-HDBK 5   on 
the most realistic basis possible. 

In all of the mechanical strength properties for which data are given 
in Tables 32 - 35, the strength of the alpha-beta sheet alloys (Ti-5Al-5Sn-5Zr- 
lMo-lV and Ti-6Al-2Sn-4Zr-2Mo) are, as expected, higher than those of the 
all-alpha alloy (Ti-5Al-5Sn-5Zr).    The derived design allowable for the ulti- 
mate bearing strength at e/D = 1. 5 of the Ti-5Al-5Sn-5Zr alloy -ieet is, 
however, comparable to the two alpha-be4a alloys.   In general, the apparent 
design allowables of the Ti-5Al-5Sn-5Zr~lMn-lV sheet were slightly higher 
than those of the Ti-GAl-2Sn-4Zr-2Mo. 

Among the other properties not included in Tables 32 - 35 for which 
significant differences in the sheet were noted were creep, axial fatigue, and 
stress corrosion.    The all-alpha alloy sheet,  Ti-5Al-5Sn-5Zr, had superior 
creep strength to the two alpha-beta alloys.   However, the creep strength of 
the Ti-6Al-2Sn-4Zr-2Mo alloy was high relative to the Ti-5Al-5Sn-5Zr-lMo- 
IV alloy.    The fatigue strength of the Ti-6Al-2Sn-4Zr-2Mo alloy was, in 
general, slightly higher than for the other alloys.   In stress-corrosion the 
preliminary tests indicated that the susceptibility temperature for stress- 
corrosion of the Ti-5Al-5Sn-5Zr alloy ,'300° F) was about 100° F higher than 
for the alpha-beta alloys (500° F).   However, results of residual tensile tests 
on the sheet alloys showed that the tensile strength properties of the Ti-5A1- 
5Sn-5Zr alloys were depreciated to a greater extent by stress-corrosion ex- 
posure than were the properties of the alpha-beta alloys. 

Of the bar alloys, the Ti-679 alpha-beta alloy had generally higher 
properties, as shown in Tables 32 and 35, than the Ti- 5Al-5Sn-5Zr bar. 
However, at high temperatures the creep strength of the Ti-5Al-5Sn-5Zr 
bar was higher than that of the Ti-679 alloy. 

There were no significant differences in the thermal properties 
(thermal conductivity,  thermal expansion, and specific heat) of the four 
titanium alloys evaluated. 
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Table 32 

Design Mechanical and Physical Properties for Ti-5Al-5Sn-5Zr 

Condition 

Thickness or dia, ui. 

Basis 

Mechanical propertiea: 

Ftu» ksi 

Fjy, ksi 

FCy, ksi 

Fsu' teI 

L 
T 

L 
T 

L 
T 

L 
T 

i. ksi 
(eft) :1.5)L 

(e/D= 2.0) L 
T 

Fbry- tei 

V/D == L 5) L 

(e/D. 2.0) L 
T 

e, per cent 
I« 2 in. 

E, 10'psi 
Ec, 10«psi 

L 
T 

Sheet and bar 

Solution annealed 

Physical properties: 

C. Btu/(lb) C F) 
K, Btu/[(hr)(ft«)f°F)/ftJ 
a . 10"Jin./in./°F 

0.04G 

124 
122 

115 
115 

110 
115 

84 
90 

188 
201 
200 
214 

148 
164 
169 
192 

12 
14 

125 
123 

116 
216 

111 
116 

85 
91 

189 
203 
202 
216 

149 
165 
171 
194 

l/2x 1-1/8 

122 

116 

117 

86 

13 

16.1 
15.0 

124 

117 

115 

87 

0.12 between 100 - 500° F 
4.8 at 100' F 
5. 6 between 200 and 1000° F 

a   Heat treatment:  Sheet,  1850° F. 1/2 hr, A.C. 
Bar, 1650° F. 2 hr, A.C. 

b   Tentative A and B values not approved for MIL-HDBK-5.   For compari- 
son purposes only.. 
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Table 33 

Design Mechanical and Physical Properties for Ti-5Al-5Sn-5Zr-lMo-lV 

Form Sheet 

Condition 
a 

Solution-annealed and hot-sized 

Thickness or dia,   in. 0.040 

Easis Ab Bb 

Mechanical properties: 

Ftu- ksi 

Is 

T 
143 
141 

145 
144 

Ft_, ksi 
'                        L 

T 
132 
132 

134 
134 

F       ksi              L 
J                         T 

131 
IM 

133 
141 „* 

Fsu, ksi              L 
T 

102 
104 

103 
106 

Fhr '  ksi 

(eJD = 1. 5)     L 
T 

2oe 
213 

211 
216 

(e/D - 2.0)      L 
T 

198 
249 

202 
254 

Fb       ksi 
(e/D = 1. 5)      L 

T 
18G 
180 

152 
184 

(e/D =2.0)      L 143 
210 

146 
214 

e,  per cent 
In 2 in.             L 

T 
0 
8 

E;  10* psi 
Ec. 10* Dsi 

15.0 
A4.8 

Physical properties: 

C, Btu/(lb)(°F) 
K, Btu/f (hr)(fta)(<>F)/ft] 
a. MT8 in./in./'F 

0.12 between 100 end 500° F 
4.3 at 100° F 
5. 7 between 200 and 1000" F 

a   Heat treatment:   1550° F, 1/2 
b   Tentative A and B values not 

son purposes only. 

hr, A.C. + 1400° F,  1/4 hr, A.C. 
approved lor MIL HDBK-5.   For compari- 
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Table 34 

Design Mechanical and Physical Properties for Ti-6Al-2Sn-4Zr-2Mo 

Form                                         ~~ ~- Sheet 

Condition 
a 

Solution-annealed and hot-sized 

Thickness or dia, in. 0.040 

Basis Ab Bb 

Mechanical properties: 

Ftu. ksi 
L 
T 

139 
140 

143 
142 

ri_. ksi                L 134 
133 

137 
135 

F     .  ksi 
3                       L 

T 
127 
117 

130 
132 

F8U. ksi 
L 
T 

85 
55 

87 
87 

Fb    . ksi 
(e/D = 1. 5)     L 

T 
193 
192 

200 
195 

(e/D .2.0)     L 
T 

253 
225 

262 
229 

Fbry» ksi 
(e/D . 1. 5)      L 

T 
174 
148 

178 
150 

(e/D* 2.0)     L 
T 

201 
206 

206 
209 

e„ per cent 
In 2 in.               L 

T 
8 
6 

E, 10apsi 
Ec,  lO^psi 

18.1 
14.4 

Physical properties: 

C, Btu/(lb)("F) 0.1 2 between '. 00 and 500° F 
K, Btu/[ (hr)(ft2)(°F)/ft) 
a, 10-"in. /in. /'F 

4. 7   at 10C F 
5. 5   between 200 and 1000° F 

a   Heat treatment:   1650° F, 1/2 hr, A.C. + 1450° F,   i,4:ir, A.C. 
b   Tentative A and B values not approved for MIL-HDEK-5.   For compari- 

son purposes only. 
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Table 35 

Design Mechanical and Physical Properties for Ti-679 

Form Bar 

Condition 
b 

Solution-annealed and aged 

Thickness or dia, in. 1/2x 1-1/8 

Basis Ac Bc 

Mechanical properties: 

Ftu, ksi 
L 140 142 

*                        L 128 133 

F    , ksi 
Cy                      L 124 129 

Fsu» ksi 

L 88 89 

e, per cent 

In 2 in. 12 

E, 106psi 
Ec, 106psi 

15.2 
14.5 

Physical properties: 

C, Btu/(lb)(°F) 
K, Btu/[ (hr)(ft*)(°F)/ft] 
a, iOin./in./°F 

0.12 between 100 and 500° F 
4. 7    at 100° F 
5/9    between 200 and 1000° F 

a      Nominal composition:   2-1/4% Al, 11% Sn, 5% Zr, 1% Mo, 0. 20% Si 
b      Heat treatment:   1650° F, 2 hr, A.C. + 930° F, 24 hr, A.C. 
c      Tentative A and B values not approved for MIL-HDBK-5.   For com- 

parison purposes only, 
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Table 36 

Tensile Properties of Ti-5Al-5Sn-5Zr Alloy Sheet from 
Heat No. D-806Q at Different Temperatures2' 

Specimen 
No. 

DA-lL 
5A-6L 
5A-11L 
5A-16L 
5A-21L 
5A-26L 
5A-31L 
5A-36L 
5A-41L 
5A-46L 

5A-1T 
5A-6T 
5A-11T 
5A-16T 
5A-21T 
5A-26T 
5A-31T 
5A-36T 
5A-41T 
5A-46T 

5A-2L 
5A-7L 
5A-12L 
5A-17L 
5A-22L 
5A-27L 
5A-32L 
5A-37L 
5A-42L 
5A-47L 

5A-2T 
5A-7T 
5A-12T 
5A-17T 
5A-22T 
5A-27T 
5A-32T 
5/.-37T 
5A-42T 
5A-47T 

Temp., 
°F 

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

400 
4Ö0 
400 
400 
400 
400 
400 
400 
400 
400 

400 
400 
400 
400 
400 
400 
400 
400 
400 
400 

Orientation 

L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

T 
T 
T 
T 
T 
T 
T 
T 
T 

L 
I. 
L 
L 
L 
L 
L 
L 
L 
L 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

ksi 

120.1 
118.8 
116.3 
118.2 
118.7 
119.1 
118.5 
118.0 
119.0 
118.8 

119.4 
119.4 
118. 
118. 
118.0 
118.5 
117. 
117. 

5 
3 

9 
0 

119.0 
118.5 

80.6 
79.7 
78.7 
79.3 
79.0 
78.9 
78.7 
79.6 
78.9 
78.9 

78.8 
79.4 
77.9 
,J.5 
79.3 
78.5 
78.4 
79.3 
77.7 
78.2 

Ftu 
ksi 

127.7 
128.7 
127.0 
127.9 
128.6 
129.5 
128.6 
128.4 
129.4 
128.8 

127.3 
127.3 
128.2 
126.3 
126.3 
126.7 
126.4 
125.9 
127.1 
127.4 

98.3 
97.7 
96.7 
97.3 
98.0 
97.9 
97.0 
96.8 
97.4 
97.4 

93.8 
93.9 
92.8 
93.3 
93.7 
93.3 
93.9 
93.3 
92.7 
93.6 

e 
% 

E, 

JL    10 psi 

14 
12 
14 
14 
14 
14 
16 
14 
15 
14 

14 
14 
15 
15 
16 
15 
15 
15 
15 
15 

17 
18 
16 
20 
19 
18 
18 
19 
19 
18 

20 
21 
20 
20 
19 
20 
21 
20 
21 
20 

16.4 
16.0 
15.5 
16.0 
15.7 
16.3 
17.3 
15.7 
15.6 
16.2 

16.7 
16.4 
16.5 
16.4 
16.9 
16.3 
16.7 
16.4 
17.0 
16.6 

15.2 
12.5 
13.9 
13.9 
14.1 
13 5 
14.1 
14.1 
14.1 
13.4 

13.4 
13.7 
15.0 
13.3 
13.0 
14.0 
17.3 
13.8 
16.0 
14.3 
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Table 38 (Continued) 

Specimen 
No. 

5A-3L 
5A-8L 
5A-13L 
5A-18L 
5A-23L 
5A-28L 
5A-33L 
5A-38L 
5A-43L 
5A-48L 

5A-3T 
5A-8T 
5A-13T 
5A-18T 
5A-23T 
5A-28T 
5A-33T 
5A-38T 
5A-43T 
5A-48T 

5A-4L 
5A-9L 
5A-14L 
5A-19L 
5A-24L 
5A-29L 
5A-34L 
5A-39L 
5A-44L 
5A-49L 

5A-4T 
5A-9T 
5A-14T 
5A-19T 
5A-24T 
5A-29T 
5A-54T 
5A-56T 
5A-44T 
5A-49T 

Temp., 
°F 

600 
600 
600 
600 
600 
600 
600 
600 
600 
600 

600 
600 
600 
600 
600 
600 
600 
600 
600 
600 

800 
800 
800 
800 
800 
800 
800 
800 
800 
800 

800 
800 
800 
800 
800 
800 
800 
800 
800 
800 

Orientation 

L 
L 
L 
L 
L 
L 
L, 
L 
T, 

L 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

T 
T 
T 
T 
T 
T 
T 
T 
T 
f 

rty 
ksi 

67.7 
66.4 
65.0 
66.0 
66.4 
66.0 
66.0 
66.3 
66.4 
66.5 

65.5 
65.7 
65.2 
66.0 
65.7 
65.8 
65.0 
64.6 
65.4 
65.7 

67.2 
59.7 
59.5 
60.6 
60,7 
60.6 
60.4 
59.8 
60.8 
61.7 

59.6 
60.8 
58.8 
60.2 
59.6 
59.3 
60.7 
60.8 
59.7 
61.0 

'tu 
ksi 

91.0 
89.3 
88.2 
89.0 
89.7 
89.2 
89.8 
89.6 
90.0 
89.9 

84.3 
85.5 
84.6 
85.0 
85.5 
85.5 
84.6 
84.3 
84.5 
85.8 

85.3 
81.2 
82.7 
83.8 
84.0 
84.4 
83.5 
82.8 
83.6 
83.8 

79.0 
79.7 
78.7 
78.7 
79.4 
78.4 
81.0 
80.7 
80.2 
79.6 

e 
%_ 

18 
18 
17 
17 
19 
21 
19 
20 
18 
17 

21 
2& 
22 
20 
20 
20 
21 
20 
18 
21 

24 
22 
24 
22 
23 
25 
24 
25 
22 
20 

24 
27 
30 
26 
29 
28 
29 
25 
25 
23 

10* psi 

11.9 
12.6 
11.6 
12.4 
11.4 
10.4 
14.9 
12.4 
12.4 
12.2 

13.1 
13.7 
14.0 
14.0 
12.9 
15.0 
11.4 
15.2 
13.2 
12.9 

15.4 
12.8 
12.4 
10.1 
11.8 
11.5 
11.1 
12.9 
11.0 
12.4 

14.8 
11.5 
12.2 
14.2 
11.3 
13.5 
12.6 
13.9 
12.5 
11.5 
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Table 36 (Continued) 

Specimen 
No. 

5A-5L 
5A-10L 
5A-15L 
5A-20L 
5A-25L 
5A--30L 
5A-174L 
5A-40L 
5A-45L 
5A-50L 

5A-5T 
5A-10T 
5A-15T 
5A-20T 
5A-.15T 
5A-30T 
5A-35T 
5A-40T 
5A-45T 
5A-50T 

Temp., 
eF 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1,00 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

Orientation 

L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

ksi 

60.0 
58.0 
58.2 
60.6 
60.2 
57.8 
60.0 
58.6 
58.6 
58.0 

57.9 
58.6 
57.2 
58.2 
57.8 
57.6 
57.4 
57.8 
58.2 
58.2 

Ftu 
ksi 

80.0 
79.7 
78.7 
80.6 
80.4 
78.8 
80.3 
78.6 
78.7 
78.4 

74.6 
75.4 
74.6 
75.6 
76.4 
75.0 
74.5 
74.7 
75.3 
74.4 

e 

%_ 

21 
23 
22 
22 
19 
23 
21 
21 
22 
20 

26 
25 
25 
25 
24 
25 
24 
23 
23 
23 

10° psi 

11 
13 
10 
10 
10 

9 
13.0 
10.2 
11.0 
11.1 

12.2 
11.1 
11.3 
13.3 
12.3 
11.4 
12.2 
11.1 
12.5 
11.1 

Thickness:   40 mils 
Heat treatment:   1650°F,  1/2 hr, A.C. 
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Table 37 

Tensile Properties of Ti-5Al-5Sn-5Zr Alloy Sheet from 
Heat No. D-1793 at Different Temperatures a, b 

Specimen Temp., Fty Ftu e Et 
No. °F Orientation 

L 

ksi 

115.6 

ksi 

123.9 18 

106 psi 

53-lL 70 14.4 
5B-6L 70 L 115.3 124.3 1? 14.1 
5B-11L 70 L 116.6 124.5 17 16.1 
5B-16L 70 L 117.2 126.1 19 15.3 
5B-21L 70 L 117.0 124.6 18 15.0 
5B-26L 70 L 118.9 124.3 16 15.2 
5B-31L 70 L 115.5 124.6 17 15.5 
5B-36L 70 L 117.0 124.5 18 15.9 
5B-41L 70 L 116.3 124.6 13 15.6 
5B-46L 70 L U5.2 123.8 16 15.4 

5B-1T 70 T 116.5 122.8 18 16.1 
5B-6T 70 T 115.4 122.5 18 16.2 
5B-11T 70 T 116.2 122.5 19 14.8 
5B-16T 70 T 115.1 122.3 18 15.3 
5B-21T 70 T 114.8 121.6 18 14.9 
5B-26T 70 T 115.8 122.6 18 15.8 
5B-31T 70 T 115.8 122.4 18 15.9 
5B-36T 70 T 115.5 121.8 17 15.4 
5B-41T 70 T 114.4 120.6 17 15.2 
5B-46T 70 T 115.0 121.8 18 15.0 

5B-2L 400 L 78.1 96.3 17 12.8 
5B-7L 400 L 78.2 96.4 18 12.5 
5B-12L 400 L 82.0 98.5 17 17.5 
5B-17L 400 L 81.0 97.7 19 13.9 
5B-22L 400 L 79.5 95.8 19 13.6 
5B-27L 400 L 80.2 96.8 19 13.2 
5B-32L 400 L 84.8 94.8 19 13.0 
5B-37L 400 L 83.7 98.6 18 13.9 
5B-42L 400 T 

1—' 79.4 96.3 18 14.7 
5B-47L 400 L 81.4 97.7 19 12.5 

5B-2T 400 T 80.6 93.6 20 14.1 
5B-7T 400 T 80.9 93.9 20 12.8 
5B-12T 400 T 80.7 93.8 20 13.4 
5B-17T 400 T 80.3 92.9 20 12.5 
5B-22T 400 T 79.8 92.8 20 13.6 
5B-27T 400 T 78.4 91.1 20 12.8 
5B-32T 400 T 78.8 91.5 20 14.9 
5B-37T 400 T 79.6 92.7 20 13.2 
5B-47T 400 T 79.4 92.4 20 13.8 
5B-57T 400 T 80.7 93.1 20 12.6 
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Table 37 (Continued) 

Specimen Temp., Fty e Et 
No. "F Orientation ksi ksi % 106 

rB-34T 800 
5   -39T 800 
5L 44T 800 
5B-49T 800 

psi 

lB'lh 600 L 68.4 91.2 24 13 4 
*B"?,L 600 L 67.9 90.4 25 3 0 

B'L 22        L 68-6 91° 22 »:S 5B-18L 600 L 68.6 91 4 2', IR i 

lB-'fQ
L 60° L 68.1 Ho 2 3 

SI* fS L 69° 91"8 23 124 
B-1BL 600 T

L 68'4 908 25 »4 
5B43L ROO L 68-° 91-7 25 12-8 
5B-48L finn L 68>1 907 24 ».8 5B-48L 600 L 68.1 91.2 24 13.0 

5B-3T 600 T Ö7.8 86.4 21 13 9 
5B-8T 600 T 68.0 87.3 27 13* 5 
5B-13T 600 T 67.4 86.6 25 ' 
53-18T 600 T 67.4 86.6 26 ' 
5B-23T 600 T 67.5 85.9 25 13 5 

B"    T 600 T 68.9 87.0 24 14*4 
5B"33T 60° T 68.6 86.2 24 it 9 
5B"38T               600                   T 696 86 4       23 41 
5B"43T               600                   T 68.4 86 9       25 3 
5B~48T               600                   T 66.3 84 3       25 \l°3 

5B"4L                 800                    L 64.2 8* 7        <>5 19 , 
5B"9L                 80°                    L 63.4 85 4 23 lift 
5B"14L               800                   L 62.4 84 7 2? ill 
5B"19L               800                   L 62.3 83 5 23 3n 

litt 8800 T
L S° 836 " 

"      BOO
0
        I         ; •}■• 2

23 in 
^B1?L               800                    L 61.7 It A 24 2 1 
0B-44L               800                    L 61.0 84 7 2* ' 
5B"49L               800                   L 64.o 85.7 24 12.0 

SBI-       SSS        T 62-3 8L7 25 l4-5 
ÖB-9»                   800                     T 63.2 81 7 25 19 1 

C
5B-Jf               800                   T 63.1 8L6 26 144 

5B-19T               800                   T 62.7 814 27 133 

5B-29T                 800                      T 62.4 81 4 27 MR 
T 62.8 81.7 26 12 7 
T 62.9 81.2 27 13.8 
T 61.1 80.9 28 12 7 
T 60.8 ,9.7 26 12.4 
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Table 37 (Continued) 

Specimen Temp., Fty Ftu e 
No. °F Orientation 

L 

ksi ksi 

82.8 

% 

5B-5L 1X0 62.3 22 
5B-10L ;ooo L 62.4 82.5 24 
53-15L 1000 L 62.7 83.0 24 
5B-20L 1000 L 62.3 80.8 24 
5B-25L 1000 L 61.4 81.3 23 
5B-30L 1000 L 62.4 81.7 25 
5B-35L 1000 L 62.2 82.0 24 
5B-40L 1000 L 62.8 82.2 23 
5B-45L 1000 L 62.5 82.3 23 
5B-50L 1000 L 62.6 82.0 26 

5B-5T 1000 T 61.3 78.3 25 
5B-10T 1000 T 61.3 78.8 26 
5B15T 1000 T 61.3 73.0 26 
5B-20T 1000 T 61.7 79.2 25 
5B-25T 1000 T 63.4 77.8 25 
5B-30T 1000 T 61.3 77.9 27 
5B-35T 1000 T 61.7 78.2 24 
5B-40T 1000 T 61.4 77.5 22 
5B-45T 1000 T 61.2 78.2 26 
5B-50T 1000 T 60.8 77.0 27 

Thickness:   40 mils. 
bHeat treatment:   1650°F.  1/2 hr, A.C. 

10b 
psi 

11 .6 
10 .9 
10 .5 
10 .4 
10 .2 
10 .6 
10 .1 
10. 5 
10. 7 
9. 8 

11. 8 
10. 9 
10. 8 
12. 9 
11. 3 
11. 0 
10. 5 
11. 7 
10. 4 
12. 0 
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Table 38 

Tensile Properties of TM-5A 
Heat No. V-295Y at 

l-5Sa -5Zr-lMo-lV Alloy Sheet 
Dnferent Temperatures3■ b from 

Specimen 
No. 

1A-1L 
1A-6L 
1A-11L 
1A-16L 
1A-21L 
IA-26L 
1A-31L 
1A-36L 
1A-41L 
1A-46L 

1A-1T 
1A-6T 
1A-11T 
1A-16T 
1A-21T" 
1A-26T 
1A-31T 
1A-36T 
1A-41T 
1A-46T 

1A-2L 
U-7L 
1A-12L 
IA-17L 
1A-22L 
1A-27L 
1A-32L 
1A-37L 
1A-42L 
1A-47L 

1A-2T 
1A-7T 
1A-12T 
1A-17T 
1A-22T 
1A-27T 
1A-32T 
1A-37T 
1A-42T 
1A-47T 

Temp., 
°F 

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

400 
400 
400 
400 
400 
400 
400 
400 
400 
400 

400 
400 
400 
400 
400 
400 
400 
400 
400 
400 

Orientation 

L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

I. 
L 
v 
L 
L 
L 
L 
L 
L 
L 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

137.5 
135.3 
136.3 
137.1 
138.1 
137.9 
13E.2 
136.2 
136.1 
138.3 

138.4 
137.8 
140.5 
138.2 
140.0 
137.5 
136.4 
139.2 
136.2 
134.9 

105.3 
106.8 
105.5 
104.8 
105.2 
108.5 
106.9 
106.5 
104.1 
106.3 

111.3 
108.3 
108.9 
108.4 
107.2 
111.1 
111.0 
107.8 
110.6 
111.2 

rtu 
ksi 

148.1 
146.6 
145.4 
146.5 
145.4 
149.0 
146.6 
146. 
146. 
148 

5 
1 
1 

146.4 
147.1 
147.6 
145.9 
148.0 
.'48.0 
147.4 
146.8 
147.1 
146.4 

123.3 
124.5 
123.1 
120.4 
122.5 
125.4 
124.1 
123.1 
11*1.0 
123.1 

123.8 
121.8 
120. 7 
121.5 
119.6 
122.9 
123.9 
119.6 
123.5 
123.3 

e 
_% 

11 
11 
10 
21 
12 
10 
10 
11 
11 
11 

8 
10 
11 
11 
10 
10 
12 
10 
tl 
11 

10 
11 
10 

9 
10 
10 

9 
10 
10 
10 

8 
9 
9 
9 
8 
8 
8 
8 
9 
9 

Et 
106 psi 

15.0 
14 
14 
14 
14 
14 
14. 
14. 
14.4 
14.5 

5 
5 
6 
5 
5 
5 
5 

15.5 
16.0 
16.0 
15.7 
14.5 
16.3 
15.8 
15.7 
15.9 
16.2 

13.4 
13.1 
14.3 
12.8 
13.4 
12.5 
13.3 
13.3 
12 6 
13.1 

13.4 
14.0 
13.6 
14.8 
14.7 
14.3 
13.9 
13.6 
13.1 
14.0 
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Tab.e 38(Continued) 

Specimen 
 N" ■ 

LA-3L 
1A-8L 
1A-13L 
1A-18L 
1A-23L 
1A-176 
1A-33L 
1A-38L 
1A-43L 
1A-48L 

lAoT 
1A-8T 
1A-13T 
1A-18T 
IA-23T 
1A-28T 
1A-33T 
1A-38T 
1A-43T 
1A-48T 

1A--4L 
1A-9L 
1A-14L 
1A-19L 
1A-24L 
1A-29L 
1A-34L 
1A-39L 
1A-44L 
1A-49L 

1A-4T 
1A-9T 
1A-14T 
1A-19T 
1A-24T 
1A-29T 
1A-34T 
1A-39T 
1A-44T 
1A-49T 

Temp., 
°F 

600 
600 
600 
600 
600 
600 
600 
600 
600 
600 

600 
600 
600 
600 
600 
600 
600 
600 
600 
600 

800 
800 
800 
800 
800 
800 
800 
800 
800 
800 

800 
800 
800 
800 
800 
800 
800 
800 
800 
800 

Orientation 

L 
L 
i. 

L 
L 
L 
L 
L 
L 
L 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

Fty 

ksi 

97.2 
97.6 
98.1 
97.5 
96.5 
98.4 
98.2 
97.9 
97.3 
97.8 

100.7 
101.0 
100.0 
101.5 
100.2 
103.1 
103.0 
101.2 
101.5 
202. 5 

91.7 
92.3 
93.3 
93.3 
92.8 
93.9 
93.3 
91.9 
91.5 
93.8 

95.0 
96.4 
95.0 
35.5 
95.9 
95.8 
95.8 
95.2 
96.4 
97.3 

ksi 

119.5 
120.3 
119.0 
120.7 
119.0 
121.5 
121.5 
119.5 
120.2 
121.1 

117.4 
117.7 
116.9 
117.6 
117.5 
118.9 
119.1 
117.7 
118.5 
117.7 

119.4 
117.4 
119.7 
122.2 
121.3 
120.1 
119.9 
121.8 
119.3 
121.1 

117.6 
117.4 
116.8 
118.6 
118.6 
115.7 
115.5 
116.3 
118,3 
117.8 

e 
%_ 

10 
10 
10 
10 
10 
10 
11 
10 

9 
10 

8 
8 
9 
8 
9 
8 
8 
8 
8 
8 

13 
12 
11 
13 
13 
13 
13 
13 
13 
12 

13 
12 
12 
11 
13 
12 
12 
12 
11 
11 

108 
JEt 
j?si 

12.6 
12.4 
12.1 
11.5 
12.7 
12.5 
12.1 
11.7 
13.1 
12.0 

13.0 
13.5 
13.8 
12.6 
13.1 
14.1 
13.9 
13.8 
12.9 
13.0 

12.1 
11.7 
12.4 
12.6 
12.5 
11.' 
11. 
13.1 
12,6 
11.7 

14.0 
12.9 
12.3 
14.3 
13.1 
12.9 
12.9 
13.7 
13.6 
13.5 
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Table 38 (Continued) 

Specimen Temp., 
No. °F 

1A-5L 1000 
1A-10L 1000 
1A-15L 1000 
1A-20L 1000 
1A-25L 1000 
1A-30L 1000 
1A-35L 1000 
1A-40L iooo 
1A-45L 1000 
1A-50L 1000 

1A-5T 1000 
1A-10T 1000 
1A-15T 1000 
1A-20T 1000 
1A-25T 1000 
1A-30T 1000 
1A-35T 1000 
1A-40T 1000 
1A-45T 1000 
1A-50T 1000 

Orientation 

L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

*ty Ftu e 
_ksi ksi _% 

81.7 106.7 14 
81.8 107.7 12 
83.5 107.8 14 
81.8 109.2 12 
83.3 108.9 11 
84.9 109.1 12 
81.9 107.5 13 
83,2 108.2 12 
85.2 106.7 12 
85.5 110.1 13 

85.8 107.6 13 
88.7 108.4 10 
87.4 107.1 11 
88.0 108.0 10 
88.8 108.7 10 
87.3 106.9 11 
88.8 106.4 11 
85.5 107.8 11 
86.0 106.6 10 
86.4 107. 6 11 

106 psi 

11.6 
12.7 
11.7 
13.1 
11.6 
11.3 
12.5 
11.7 
1L. 1 
12.1 

11.7 
12.4 
12.0 
12.3 
11.3 
13.0 
11.0 
12.8 
12.6 
12.9 

a 
Thickrsss:   40 mils. 

Heat treatment:   1550°F,  1/2 hr, A.C. + 1400°F,  1/4 hr, A. C- 
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Table 39 

Tensile Properties of Ti-5Al-5Sn-5Zr-lMo-lV Alloy Sheet 
Heat No. V-1991 at Different Temperatures3, b from 

Specimen 
No. 

IB-IL 
1B-6L 
1B-11L 
1B-16L 
1B-21L 
1B-26L 
1B-31L 
1B-36L 
1B-41L 
1B-46L 

lB-lT 
1B-6T 
lB-llT 
1B-16T 
1B-21T 
1B-26T 
1B-31T 
1B-36T 
13-41T 
1B-46T 

1B-2L 
1B-7L 
1B-12L 
1B-17L 
1B-22L 
1B-27L 
1B-32L 
1B-37L 
1B-42L 
1B-47L 

1B-2T 
1B-7T 
1B-12T 
1B-17B 
1B-22T 
1B-27T 
1B-32T 
1B-42T 
1B-47T 
IB-G6T 

Temp., 
°F 

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

400 
400 
400 
400 
400 
400 
400 
400 
400 
400 

400 
400 
400 
400 
400 
400 
400 
400 
400 
400 

Orientation 

L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

Pty 
ksi 

135.8 
136.0 
139. ö 
136.0 
137.0 
140.0 
140.0 
139.0 
137.0 
141.0 

138.0 
139.0 
138.5 
138.0 
138. 0 
138.5 
140.0 
133.0 
139.0 
139.5 

105.0 
107.5 
106.5 
107.0 
108.5 
108.5 
106.2 
106.1 
105.5 
104.8 

107.5 
108.5 
109.0 
111.0 
108.0 
110.5 
107.5 
109.7 
120.0 
109.7 

Ftu 
ksi 

149.2 
149.5 
149.5 
148.0 
149.0 
151.0 
150.0 
150.0 
149.5 
149.0 

147.0 
147.8 
147.0 
146.0 
147.0 
147. 0 
148.5 
141.5 
148.0 
148.0 

123.0 
125.0 
125.0 
124.5 
124 
124 
123 
123.9 
124.9 
123.7 

121.7 
121.8 
122.6 
122.5 
120.0 
122.3 
120.3 
122.0 
125.7 
121.6 

2 
2 
5 

e 
%_ 

12 
13 
13 
13 
13 
13 
11 
13 
12 
13 

12 
12 
11 
11 
13 
13 
13 
11 
11 
11 

11 
9 

12 
10 
11 
11 
11 
11 
10 
15 

8 
8 
9 
9 

10 
9 
8 
9 
9 
9 

1.0* 
Et 

jjsi 

14.7 
14.9 
14.6 
15.0 
15.7 
15.3 
14.8 
16.5 
15.9 
15.4 

15.3 
17.0 
16.6 
16.2 
16.2 
16.0 
16.5 
15.9 
16.0 
16.0 

13.8 
13.6 
13.5 
12.3 
i3.6 
13.0 
14.4 
13.6 
14.1 
14.6 

15.0 
14.9 
14.4 
14.6 
14.2 
13.6 
14.3 
13.7 
14.6 
14.6 

237 



Table 39 (Continued'; 

Specimen Temp., Fty Ftu e Et 
No. °F Orientation 

L 

ksi 

97.2 

ksi 

121.1 

%_ 

11 

106 psi 

1B-3L 600 12.9 
1B-6L 300 L 95 3 121.4 13 13.0 
1B-13L 30C L 96.8 119.0 12 11.1 
1B-18L 600 L 97.2 120.6 11 13.9 
1B-23L 600 L 95.5 120.4 11 13.6 
1B-28L 600 L 96.8 119.8 11 11.1 
1B-33L 600 L 95.8 117.9 10 12.9 
1B-38L 600 L 97.8 120.7 11 13.8 
IB-43L 600 L 97.0 119.3 11 12.7 
1B-48L 600 L 96.5 118.3 10 12.3 

Ih ZT 600 T 98.3 114.0 9 12.6 
lB-üT 600 T 99.3 114.3 10 11.6 
1B-13T 600 T 101.9 117.2 9 12.2 
1B-18T 600 T 102.2 117.4 9 12.0 
1B-23T 600 T 99. H 114.1 9 12,4 
1B-28T 600 T 100.0 114.7 10 11.9 
1B-33T 600 T 100.9 117.5 9 13.5 
1B-38T 600 T 100.8 116.1 11 12.6 
1B-43T 600 T 98.8 115.3 10 11.7 
1B-48T 600 T 97.3 113.2 11 12.8 

1B-9L 800 L 92.7 118.3 12 11.5 
1B-14L 800 L 93.4 118.4 13 12.1 
1B-19L 800 L 92.3 117.6 12 11.8 
1B-24L 800 L 92.0 117.0 13 12.2 
1B-29L 800 L 92.6 117.9 12 11.7 
1B-34L 800 L 93.6 117.2 11 11.9 
1B-39L 800 L 92.8 116.2 12 13.2 
1B-44L 800 L 92.8 116.2 12 11.5 
1B-49L 800 L 92.4 118.3 13 12.2 
1B-58L 800 L 83.2 118.8 12 12.1 

1B-4T 800 T 93.7 113.6 15 13.7 
1B-9T 800 T 94.8 113.8 11 13 1 
1B-14T 800 T 96.4 116.4 13 13.1 
1B-19T 800 T 92.4 113.3 11 1<*.3 
1B-24T 800 T 94.7 114.9 13 13.0 
1B-29T 800 T 94.2 111.6 13 11.8 
1B-34T 800 T 96.7 113.9 12 11.8 
1B-39T 800 T 95.8 115.2 13 12.6 
1B-44T 800 T 95.6 114.6 13 11.8 
1B-49T 800 T 94.0 112.4 14 12.2 
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Table 39 (Continued) 

Specimen 
No. 

1E-15L 
1B-20I 
1B-25L 
1B-30L 
1B-35L 
1B-40L 
1B-45L 
1B-50L 
1B-52L 
1B-53L 

1B-5T 
1B-10T 
1B-15T 
1B-20T 
1B-25T 
1B-30T 
1B-35T 
1B-40T 
1B-45T 
1B-50T 

Temp., 
PF 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
lOOu 
1000 

Orientation 

L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

Fty 

ksi 

79.7 
83.2 
78.3 
85.0 
84.1 
81.7 
84.6 
77.8 
78.8 
83.4 

86.9 
84.8 
83.7 
82.8 
84.5 
85.7 
87.6 
84.5 
83.1 
82.2 

*tu 
ksi 

102.3 
105.9 
103.5 
106.6 
107.8 
102.7 
105.1 
104.1 
104.2 
106.8 

104.5 
101.9 
102.4 
102. 5 
101.: 
105.4 
103. 0 
101.4 
101.1 
99.2 

e 
%_ 

14 
12 
12 
11 
)2 
14 
12 
13 
13 
13 

12 
11 
12 
12 
12 
13 
10 
12 
12 
12 

£t 
106 psi 

11.2 
11.3 
12.2 
11.2 
12.0 
11.3 
10.4 
10.8 
12.2 
10.1 

11.7 
11.9 
11.3 
11.4 
10.7 
10.8 
11.9 
11.0 
11.7 
11.2 

Thickness:   40 mils, 

Heat treatment:   I550°F,  1/2 hr, A.  C. + 1400°F,  1/4 hr, A. 
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Table 40 

Tensile Prooerties of Ti-6Al-2Sn-4Zr-2Mo Alloy Sheet from 
Heat No.  V-3016 at Different Temperatures3'b 

Specimen Temp. , Fty i\u c Et 
No. °F Orientation 

L 

ksi 

143.0 

ksi 

150.3 

_% 

12 

106 psi 

16.1 2A-1L 70 
2A-6L 70 L 143. 9 149.6 11 16.6 
2A-11L 70 L 146.2 152.2 13 16.2 
2A-16L 70 L 144.7 148.4 11 16.7 
2A-21L 70 L 143.8 149.? 12 r.i 
2A-26L 70 L 141.8 145.9 13 18.0 
2A-31*. 70 L 142.6 148.9 11 16.1 
2A-36L 70 L 138.5 142.5 15 16.0 
2A-41L 70 L 137.3 142.2 11 15.7 
2A-46L 70 L 140. 6 147.5 13 15.9 

2A-1T 70 T 137.8 144.5 12 15.9 
2A-6T 70 T 139.5 143.5 13 15.9 
2A-11T 70 T 138.0 14 ? 6 12 15.5 
2A-16T 70 T 138.0 144.6 13 16.1 
2A-21T 70 T 140.2 146.5 6 16.5 
2A-26T 70 T 141.2 144.6 12 16.1 
2A-31T 70 T 139.5 145.5 12 16.0 
2A-36T 70 T 1.38. 0 141.4 13 15.4 
2A-41T 70 T 138.4 142.3 11 15.7 
2A-46T 70 T 140.4 145.4 12 15.8 

2A-2^ 400 L 109.8 124.6 11 15.1 
2A-7L 400 L 108.2 122.8 11 15.3 > 
2A-32L 400 L 110.2 124.6 11 14.7 
2A-17L 400 L 109.8 125.3 11 14.6 
2A-22L 400 L 107.7 122. 8 10 15.4 
2A-27L 4Ü0 -j 103.9 116.6 11 14.0 
2A-32L 400 L 105.2 121.1 10 14.4 
2A-37L 400 L 104.5 117.0 13 13.1 
2A-42L 400 L 104.5 117.5 12 15.1 
2A-47L 400 L 104. 9 120.0 11 12.6 

2A-2T 400 T 103.9 119.5 12 16.0 
2A-7T 400 T 102.9 115.0 12 16.2 
2A-12T 400 T 106.8 121.8 11 14.9 
2A-17T 40C T 106.0 120.5 11 16.1 
2A-22T 400 T 107.0 120.0 8 14.5 
2A-27T 400 T 103.4 116.6 12 15.0 
2A-3?r 400 T 104.0 118.5 11 15.2 
2A-37T 400 T 1U2. 1 113.8 13 12.6 
2A-42T 400 T 104. 5 116.0 12 14.1 
2A-47T 400 T 104.0 119.5 12 13.3 
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Specimen 
No. 

2A-3L 
2A-8L 
2A-13L 
2A-18L 
2A-23L 
2A-28L 
2A-33L 
2A-38L 
2A-43L 
2A-48L 

2A-3T 
2A-8T 
2A-13T 
2A-18T 
2A-23T 
2A-28T 
2A-33T 
TA-38T 
2A-43T 
2A-48T 

2A-4L 
2A-9T, 
2A-14L 
2A-19L 
2A-24L 
2A-29L 
2A-34L 
2A-39L 
2A-44L 
2A-49L 

2A-4T 
2A-9T 
2A-14T 
2A-19T 
2A-24T 
2A-29T 
2A-34T 
2A-39T 
2A-44T 
2A-49T 

Temp. , 
°F 

600 
600 
600 
600 
600 
600 
600 
600 
600 
600 

600 
600 
600 
600 
600 
600 
600 
600 
600 
600 

800 
800 
800 
800 
800 
800 
800 
800 
800 
800 

800 
800 
800 
800 
800 
800 
800 
800 
800 
800 

Table 40 (Continued) 

F; 

Orientation 
ty 

ksi 

L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

98.0 
96.8 
97.3 
97.5 
96.6 
93.5 
96.6 
95.2 
92.8 
94.4 

94.6 
93.5 
96.3 
94.3 
92.4 
92.9 
94.0 
90.2 
92.3 
91.0 

94.6 
95.5 
94.4 
94.4 
93.0 
87.7 
86.8 
90.7 
89.6 
90.0 

88.7 
89.7 
91.6 
90.3 
89.8 
88.3 
88.5 
86.8 
87.0 
86.7 

*tu 
ksi 

116.5 
116.0 
117.0 
117.3 
116. 0 
111.7 
116.5 
114.2 
111.3 
113.4 

113.0 
110.0 
115.5 
114.0 
111.8 
112.4 
114.0 
108. 
111. 
109. 

114.9 
118,0 
116.1 
116.6 
116.6 
110.0 
106.5 
114.8 
112.4 
112.0 

109.8 
110.8 
114.5 
113.2 
112.1 
110.8 
110.9 
109.8 
109.8 
111.4 

e 

% 

7 
8 
9 
V. 
8 

10 
10 
10 
11 
11 

10 
10 
9 

10 
10 
10 
10 
10 
12 
11 

10 
10 
10 
9 

12 
12 
15 
11 
13 
10 

11 
10 
12 
11 
10 
11 
13 
14 
13 
13 

106 psi 

13.4 
15.9 
13.8 
12.4 
13.5 
13.0 
13.0 
12.1 
13.2 
12.4 

14.5 
14 7 
12.4 
13.1 
13.5 
13.9 
13.7 
12.0 
13.8 
14.9 

13.0 
15.7 
13.1 
14.4 

13.8 
11.6 
15.1 
13.3 
13.6 

10.9 
12.5 
12.9 
12.6 
11.7 
11.6 
12.7 
12.3 
12.9 
13.3 
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Specimen 
_ N^. 

2A-10L 
2A-15L 
2A-20L 
2A-25L 
2A-3CL 
2A-35L 
2A-40L 
2A-45L 
2A-50L 
2A-168L 

2A-5T 
2A-10T 
2A-15T 
2A-20T 
2A-25T 
2A-30T 
2A-35T 
2A-40T 
2A-45T 
2A-50T 

Temp., 
°F 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

Table 40 (Continued) 

Ft 

Orientation 

L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

ty 
ksi 

90.4 
85.8 
87.8 
86.8 
85.7 
82.0 
85.2 
82.3 
81.3 
83.0 

83.2 
85.6 
87.3 
85.6 
84.6 
83.3 
80 0 
82.5 
81.9 
82.8 

rtu 
ksi 

112.7 
108.0 
110.5 
110.0 
107.2 
101.0 
107.8 
104.0 
102.5 
104.0 

104.0 
107.8 
108.8 
107.8 
105.5 
104.3 
102.4 
102.8 
102.8 
104.4 

e 
_% 

11 
14 
11 
11 
12 
16 
12 
16 
14 
14 

13 
14 
14 
12 
14 
14 
14 
15 
15 
14 

10* psi 

12 .3 
11 .0 
10 .9 
11 .7 

9 .9 
10 ■   1 

12 5 
11 2 
12. 6 
11. 8 

11. 0 
12. 5 
12. 0 
11. 8 
10. 2 
11. 4 
12. 9 
10. 9 
11. 6 
11. 1 

Thickness:   40 mils 
Heat treatment:   1650°F,  1/2 hr, A   C ,  1450°F,  1/4 hr, A, 

242 



Specimen 
No. 

2B-1L 
2B-6L 
2B-11L 
2B-16L 
2B-21L 
2B-26L 
2B-31L 
2B-36L 
2B-41L 
2B-46L 

2B-1T 
2B-6T 
2B-11T 
2B-16T 
2B-21T 
2B-26T 
2B-31T 
2B-36T 
2B-41T 
2B-46T 

2B-2L 
2B-7L 
2B-12L 
2B-17L 
2B-22L 
2B-27L 
2B-32L 
2B-5/L 
2B-42L 
2B-47L 

2B-2T 
2B-7T 
2B-12T 
2B-17T 
2B-22T 
2B-27T 
2B-32T 
2B-37T 
2B-42T 
2B-47T 

Table 41 

Tensile Properties of Ti-fiAi  9c    A~    « 
Heat No   v-3(^6 at Dift       ri:4Zr"2Mü A11°y Sheet v two at Different Temperatures3- b from 

Temp., 
°F 

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

400 
400 
400 
400 
400 
400 
400 
400 
400 
400 

400 
400 
400 
400 
400 
400 
400 
100 

400 
400 

Orientation 

L 
L 
L 
I. 
L 
L 
L 
L 
L 
L 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

T 
T 
T 
T 
T 
T 
T 
T 
T 

143.3 
140.0 
139.5 
138.6 
142.0 
144.0 
142.5 
141.9 
143 9 
142.6 

134.4 
134.0 
134.8 
135.3 
135.7 
136.3 
133.5 
133.2 
135.4 
134.2 

108.5 

T 

108 
107 
108 
111.8 
109.9 
110 8 
10P.5 
112.9 
109.1 

102.6 
103.2 
103.7 
102.1 
102.7 
102.4 
102.9 
102.0 
103.4 
103.2 

rtu 
ksi 

152.9 
148.5 
147.5 
149.0 
146.2 
155.0 
153.8 
152.8 
153.2 
152.2 

145.9 
145.4 
145.2 
147.5 
146.5 
147.1 
144.5 
145.0 
147.2 
145.5 
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124.4 
124.4 
123.4 
126.0 
125.4 
128.4 
129.2 
127.6 
126.3 
126.5 

120.8 
121.2 
121.9 
119.7 
120.3 
120.0 
120.7 
120. 7 
121.7 
121.9 

% 

11 
11 
10 
11 
11 
11 
10 
12 
10 
11 

11 
11 
12 
13 
11 
11 
11 
11 
11 
12 

10 
11 
10 
11 
9 
9 
9 

10 
10 
9 

10 
10 
12 
10 
12 
11 
10 
11 
11 
12 

14.9 
14.0 
14.3 
15.7 
14.2 
15.6 
14.7 
15.2 
15.1 
13.9 

13.7 
14.3 
13.9 
14.0 
18.5 
12.8 
13.4 
12. C 
15.3 
15.6 



Table 41 (Continued) 

No. °F Orientation 
Specimen Temp., Fty Ffu £ 

£L_ ksi %        . 106 

L 100.0 119.8 8 

T 88.3 114.2 10 
244 

OS] 

2B"3L                  600 L 97 7 1,7 c 
2B-8L                 600 L oil ' 7 136 

2B-13L               600 I l\l [HI I '      14-4 
2B"18L                 600 L 98 8 a« S H  3 

2B'23L                600 L 1022 22? ! 132 

2B-28L               600 T ini'i l 8 15e 

2B-33L                600 T nn? 121° 7 "•» 
600 £ X

9
0
9°- »J 7 15.8 

2B"43L               «00 L 993 ,11 I 153 

2B-48L               600 r ,!! ??!! 7 ".9 
14.7 

2B-2T 600                     T                   Q2 i 1l/t c 2B"8T 60°                T              til ml I           1L5 

2B-13T 600                    T                  Q2fi ,,11 9              14'4 

2B-23T 600                    T                  92 4 ,11 ,                12 5 

2B-28T 600                    T                  Jl ,11 10              141 

2B-33T 600                   T                 920 „21 J             138 

23-38T 600                    T                  go? „11 9              129 

2B 43T 600                    T                  93 2 «I X 129 
2B

"48T 600                    T                  92 0 In ! 136 1                  y-s. U 115.0 9 13 2 
2B-4L 800                     L                   93 7 11fl . 
2B-9L 800                      r                     HI 116'5 9 13.9 
2B-14L 800                    I                  HI J"-* 10 12.8 
2B-19L 800                     L                  JJ1 1 ? 132 
2B"24L 800                     L                   21 !J21 9 12° 
23-29L 800                   L                 9^4 90 9 13-6 
2B-34L 800 I HI «1 I 145 

2B-39L 800 L 937 „H 9 146 

2B-44L 800 L III „11 8 165 

2B-49L 80C T 11 ! 1B 8 13.2 
** L g4.6 116.9 10 12.6 

2B-4T 800 T ftR « 110 „ 
2B-9T 800 T 8?' 3 m 1 H 4 

2B-14T Ö0° T 882 ' n 129 

2B-19T 800 T SS'n „11 10 121 

2B-24T 800 r M? 11 " 126 

2B-29T 800 T SSI «51 13 136 

2B-34T 800 T 87 3 nil ? 13° 
2B-39T 300 T III ,11 J U1 

2B-44T 800 T 88? „11 ? 132 

2B-49T 800 I 21 ?1 1J  8 

13.3 



Table 41 (Continued) 

Specimen 
No. 

2B-5L 
2B-10L 
2B-15L 
2B-20L 
2B-25L 
2B-30L 
2B-35L 
2B-40L 
2B-45L 
2B-50L 

2B-5T 
2B-10T 
2B-15T 
2B-20T 
2B-25T 
2B-30T 
2B-35T 
2B-40T 
2B-45T 
2B-C0T 

Temp., 
°F 

1000 
1000 
1000 
1000 
loo: 
1000 
1000 
1000 
1000 
1000 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

Orientation 

L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

Pty 
ksi 

79.0 
P.O. 8 
82.3 
83.8 
85.0 
90.3 
82.8 
85.0 
84.2 
84.6 

79.7 
80.2 
78.4 
79.7 
81.8 
80.2 
77.7 
80.7 
81.0 
78.5 

Ftu 
ksi 

105.2 
103. 0 
103.6 
109.7 
111.8 
112.5 
108.2 
109.0 
107.8 
108.9 

102.2 
103.1 
102.6 
103.7 
104.4 
102.2 
102.2 
104.2 
104.2 
103.2 

e 
%_ 

17 
13 
14 
11 
12 
10 
13 
13 
12 
12 

14 
14 
15 
15 
14 
15 
14 
15 
13 
9 

£♦ 
10" )S1 

14.4 
12.8 
11.4 
13.6 
14.3 
12.6 
13.5 
12.5 
13.0 
13.8 

11 
11 
11 
10 
11 
10.9 
10.7 
10.8 
10.9 
11.1 

Thickness:   40 mils 
bHeat treatment:   1650°F,  1/2 hr, A.C. 1460°F, 1/4 hr, A.C. 
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Table 42 

Notched Tensile Properties of the Sheet Alloys8' b'c»d 

<     Specimen No, 

u 
N 

i 
Ö 

i 

o 
S 

u 
N in 

i 
c I 
I 

■-< 

in 
i 

CNJ 

I a 

i 

I 
i 

5B-52L 
5B-53L 

5B-51L 
5B-54L 

5B-56L 
5B-57L 

1A-173L 
1A-174L 

1A-163L 
1A-165L 

1A-161L 
1A-168L 
1A-171L 

2B-51L 
2B-52L 

2B-53L 
2B-54L 

2B-55L 
2B-56L 

Temp., ° F 
Notched Tensile 
Strength, ksi 

70 
70 

166.7 
166.6 

400 
400 

120.2 
122.0 

800 
800 

104.9 
105.8 

70 
70 

165.0 
165.8 

400 
400 

132.0 
131.0 

800 
800 
800 

133.2 
130.9 
128.6 

70 
70 

171.5 
168.7 

400 
400 

137.4 
138.0 

800 
800 

133.8 
131.2 

a      Thickness:  40 mils 
b      Heat treatment: 

Ti-5Al-5Sn-5Zr, 1650° F, 1/2 hr. A.C. 
Ti-5Al-5Sn-5Zr-lMo-lV, 1550° F, 1/2 hr, A.C. + 

1400° F, 1/4 hr, A.C. 
Ti-6Al-2Sn-4Zr-2Mo, 1850° F, 1/4 hr, A.C. + 

1450° F, 1/4 hr, A.C. 
c      Notched 45* , 0.025 in. radius, 0. 3"5 in. minimum 

width to produce K^ - 3 
d     All tests in longitudinal direction 
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Table 43 

Compression Properties of Ti-5Al-5Sn-5Zr 
Alloy Sheet at Different Temperatures0* b'c 

m 

Temp., 
°F 

70 
70 
70 
70 
70 

400 
400 
400 
400 
400 

600 
600 
600 
600 
600 

800 
800 
800 
800 
000 

1000 
1000 
1000 
1000 
1000 

Longitudinal Orientation 
Specimen      Fcv, Er 
Number 

5A-370 
5A-351 
5A-356 
5A-361 
5A-366 

5A-347 
5A-353 
5A-357 
5A-382 
5A-367 

5A-348 
5A-353 
5A-358 
5A-333 
5A-368 

5A-349 
5A-354 
5A-359 
5A-364 
5A-369 

5A-350 
5A-355 
5A-360 
5A-365 
5A-346 

ksi 

120.6 
116.5 
117.8 
121.0 
119.0 

79.7 
80.9 
80.3 
79.8 
80,2 

67.5 
64.6 
66.8 
67.7 
66.8 

59.3 
60.0 
59.3 
60.7 
62.2 

58.2 
57.8 
57.6 
57.2 
59.3 

108 JJSJ 

14.9 
14.3 
14.2 
14.5 
14.1 

12.3 
11.6 
12.0 
12.1 
12.2 

11.3 
11.1 
11.9 
10.1 
10.1 

10.2 
10.6 
10,7 
10.4 
11.0 

9.9 
9.5 
9.6 
9.6 

10.0 

Transverse Orientation 
Specimen 
Number 

5A-117 
5A-122 
5A-127 
5A-132 
5A-137 

5A-118 
5A-123 
5A-128 
5A-133 
5A-138 

5A-119 
5A-124 
5A-129 
5A-134 
5A-139 

5A-120 
5A-125 
5A-130 
5A-135 
5A-140 

5A-121 
5A-126 
5A-131 
5A-136 
5A-141 

F 
,c7' 
ksi 

123.7 
124.4 
126.8 
127.2 
126.8 

82.7 
82.7 
82.7 
81.6 
82.0 

67.3 
68.7 
68.2 
69.4 
68.6 

63.1 
62.2 
62.5 
63.1 
63.1 

60.9 
58.6 
60.4 
59.7 
59.5 

10  psi 

14.9 
15.0 
15.3 
15.1 
15.2 

13.0 
12.8 
12.8 
12.8 
12.8 

12.5 
11.6 
12.0 
12.2 
12.3 

11.9 
11.1 
11.8 
11.7 
11.4 

10.1 
10.3 
10.4 
10.3 
10.5 

a      Heat No. D-8060. 
b      Thickness:   40 mils, 
c      Heat treatment:   1650s 

F, 1/4 hr, A.C, 
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Table 44 

Compression Properties of Ti-5Al-5Sn-5Zr-lMc-lV 
Alloy Sheet at Different Temperatures '   ' 

Longitudinal Orientation Transverse Orientation 
Temp., Specimen F cy» fc Specimen FCy, Ec 

°F Number 

1A-371 

ks"i 

144.0 

106 psi 

14.6 

Number 

1A-117 

ksi 

150.5 

108 psi 

70 14.9 
70 1A-351 141.0 14.1 1A-122 156.3 15.4 
70 1A-356 138.5 14.8 1A-127 153.7 15.4 
70 1A-361 1  4.1 14.5 1A-132 153.7 15.4 
70 1A-366 142.0 14.3 1A-137 156.2 15.2 

400 1A-347 94.3 12.7 1A-118 112.2 13.7 
400 1A-352 106.5 12.8 1A-123 113.5 13.7 
400 1A-357 103.4 12,5 1A-128 113.0 13.4 
400 1A-362 108.0 12.8 1A-133 114.5 13.7 
400 1A-367 106.5 12.6 1A-138 115fl 12.4 

600 1A-348 101.0 12.0 1A-119 103.0 12.4 
600 1A-353 93.2 11.4 1A-124 103,5 12.4 
600 1A-358 98.3 11.3 1A-129 102.5 11.8 
600 1A-363 98.7 11.3 1A-134 105.1 12.6 
600 1A-368 97.8 11.8 1A-139 102.3 12.0 

800 1A-349 93.3 11.2 1A-120 98,5 12.2 
800 1A-354 90.4 11.1 1A-125 97.3 11.4 
800 1A-359 93.5 11.2 1A-130 102.6 12.1 
800 1A-364 93.6 11.0 1A-135 99,7 11.9 
800 1A-369 95.5 11.2 1A-140 97.9 11.8 

1000 1A-350 81.4 10.4 1A-121 88.9 10.7 
1000 1A-355 84.4 10.1 1A-126 86.7 10.5 
1000 1A-360 83.5 10.4 1A-131 89.8 10.5 
1000 1A-365 86.3 9.6 1A-136 90.4 10.8 
1000 1A-370 83.3 9.9 1A-141 88.5 10.3 

a      Heat No. V-2957 
b      Thickners:   40 mils. 
c      Heat treatment: 1550° F, 1/2 hr, A. C. + 1400° F, 1/4 hr, A.C. 
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Table 45 

Compression Properties of Ti-6Al-2Sn-4Zr-2Mo 
Alloy Sheet at Different Temperaturesa» *3»c 

Longitudinal Orientation Transverse Orientation 
Temp., Specimen FCy, Ec 

Specimen FCy, Ec 
°F Number 

2A-345 

ksi 

144, 7 

108 psi 

13.1 

Number 

2A-117 

ksi 

142.7 

106 psi 

70 14.6 
70 2A-351 151.6 14.3 2A-122 148.9 14.7 
70 2A-356 154.3 14.8 2A-127 148.5 14.6 
70 2A-361 144.5 14.4 2A-132 137.4 14.0 
70 2A-366 152.8 14.6 2A-137 144.6 14.6 

400 2A-347 116.8 12.9 2A-118 107.1 12.0 
400 2A-352 114.0 12.9 2A-123 107.5 12.6 
400 2A-357 107.4 12.8 2A-128 10 V. 5 12.7 
400 2A-362 111,4 12.7 2A-133 102.0 12.5 
400 2A-370 107.1 12.3 2A-138 105.6 12.9 

600 2A-348 96.1 12.2 2A-119 93.3 11.2 
600 2A-353 106.4 12.2 2A-124 94.6 11.3 
600 2A-358 99.3 11.9 2A-129 100.3 11.8 
600 2A-363 97.8 11.8 2A-134 90.3 11.6 
600 2A-368 98.9 12.2 2A-139 98.8 11.6 

800 2A-349 104.5 11.8 2A-120 90.0 10.7 
800 2A-354 94.8 11.9 2A-125 90.0 11.6 
800 2A-359 97.6 11.1 2A-130 83.8 10.9 
800 2A-364 88.0 10.3 2A-135 86.9 11.1 
800 2A-369 97.6 11.4 2A-140 89.1 10.8 

1000 2A-350 88.4 10.8 2A-121 84.5 10.3 
1000 2A-355 89.9 11.4 2A-126 84.5 10.4 
1000 2A-360 84.0 10.5 2A-131 77.4 10.0 
1000 2A-365 78.5 10.1 2A-136 84.5 10.2 
1000 2A-346 85.8 10.3 2A-141 80.7 10.0 

a     Heat No. V-3016. 
b      Thickness:   40 mils. 
c      Heat treatment:   1650° F, 1/2 hr, A.C. + 1450° F, 1/4 hr, A.C. 
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Table 46 

Beari 
mg Properties of Ti«5Al-5Sn-5Zr Ailov Sheet 

At Different Temperatures^'^ 

Temp. 
°F 

70 
70 
70 

70 
70 
70 

400 
400 
400 

400 
400 
400 

600 
600 
600 

600 
600 
600 

800 
800 
800 

Orientation 

L 
L 
L 

T 
T 
T 

L 
L 
L 

T 
T 
T 

L 
L 
L 

T 
T 
T 

L 
L 
L 

Specimen 
No. 

5A-314L 
5A-322L 
5A-332L 

5A-86T 
5A-93T 
5A-106T 

5A-316L 
5A-324L 
5A-334L 

5A-88T 
5A-98T 
5A-108T 

5A-318L 
5A-326L 
5A-339L 

5A-90T 
5A-100T 
5A-110T 

e/D = 1.5 

5A-320L 
5A-328L 
5A-340L 

ksi 
Fbu 
ksi_ 

i76. 8 
180.3 
183.7 

1   200.0 
205.2 
201.5 

186.1 
184.7 
182.0 

215.5 
219.0 
220.5 

132.3 
131.0 
134.3 

158.1 
154.7 
156.8 

132.8 
136.4 
136.3 

165.7 
168.7 
167.8 

115.2 
116.1 
116.4 

140.4 
141.3 
140.9 

117.3 
116.7 
121.4 

154.0 
150.4 
151.7 

104.1 
112.0 
105. £ 

130.5 
134.3 
135.8 

e/D 
Specimen 

No. 

5A-313L 
5A-325L 
5A-335L 

5A-85T 
5A-95T 
5A-105T 

2.0 

ksi 

200.5 
211.0 
204.5 

Fbu 
ksi 

239.5 
259.3 
255,5 

220.5   280.8 
215.5 273.8 
211.6 261.5 

5A-315L 153.6 190.5 
5A-327L 159.0 200 0 
5A-336L      156.1   200.0 

5A-87T 154.5 214.3 
5A-97T 168.1 218.3 
5A-107T      165.8   219.6 

5A-317L 140.3   179.0 
5A-329L 143.9   177.5 
5A-337L 143.8   185.5 

5A-89T 140.4   199.0 
5A-99T 143.2   199.3 
5A-109T 143.5   195.8 

5A-319L 125.2   174.2 
5A-331L 126.8   167.1 
5A-338L 131.2   172.5 
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Table 46   (Continued) 

Temp. 
°F Orientation 

T 
T 
T 

Specimen 
No. 

109.1 
108.3 
109.2 

kb» ksi 

146.0 
143.5 
140.2 

Specimen 
No. 

132.2 
138.0 
132.2 

F, 
kJF 

5A-92T 
5A-102T 
5A-112T 

800 
800 
800 

5A-91T 
5A-101T 
5A-111T 

189.2 
191.2 
185.5 

1000 
1000 
1000 

L 
L 
L 

5A-321L 
5A-330L 
5A-342L 

99.4 
103.6 
104.3 

123.1 
126.3 
126.4 

5A-323L 
5A-333L 
5A-341L 

116.0 
118.3 
123.4 

163.1 
163.6 
165.0 

1000 
1000 
1000 

T 
T 
T 

5A-94T 
5A-104T 
5A-114T 

105.4 
106.3 
106.3 

136.5 
140.0 
134.7 

5A-93T 
5A-103T 
5A-113T 

122.6 
130.2 
128.6 

177.3 
175.5 
177.3 

Heat No. D-8060 
b 
Thickness:   40 mils 

Heat Treatment:   1650-F,  f hr. A. C. 
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Table 47 

Bearing Properties of Ti-5Al-5Sn-5Zr~lMo-lV Alloy Sheet 
At Different Temperaturesa'   *c 

Ternp. 
°F 

70 
70 
70 

70 
70 
70 

Orientation 

L 
L 
L 

T 
T 
T 

e/D = 1.5 
Specimen 

No. 

1A-323L 
1A-343L 
1A-313L 

1A-95T 
1A-85T 
1A-105T 

F^ ksx ksi 

202.5 221.0 
201.5 221.0 
204.5 219.0 

211.0 231.5 
211.0 238.0 
207.0 236.0 

Specimen 
No._ 

1A-314L 
1A-324L 
1A-334L 

1A-106T 
1A-115T 
1A-116T 

e/D = 2.0 

kg? 

224.9 267.5 
266.5 300.0 
238.0   274.0 

276.5 
275.0 

283.8 
294.4 

261.0   283.5 

400 
400 
400 

L 
L 
L 

1A-316L 
1A-326L 
1A-336L 

164.1 188.5 
168.1 187.6 
165.0   180.3 

1A-315L 198.9 228.0 
1A-325L 202.5 240.5 
1A-335L      197.2   236.2 

400 
400 
400 

T 
T 
T 

1A-88T 
1A-98T 
1A-108T 

167.0 199.8 
172.9 204.3 
173.5   202.5 

1A-87T 
1A-97T 
1A-107T 

205.0 240.0 
207.0 224.0 
211.6   236.2 

600 
600 
600 

L 
L 
L 

1A-318L 
1A-328L 
1A-338L 

159.5 177.8 
161.9 176.5 
159.5   180.8 

1A-317L 
1A-327L 
1A-337L 

186.1 221,0 
197.3 224.0 
186.7   220.5 

000 
600 
600 

T 
T 
T 

1A-90T 
1A-100T 
1A-110T 

164.8 194.0 
161.8 195.2 
166.8   196.6 

1A-89T 
1A-99T 
1A-109T 

199.8 216.0 
192.6 220.0 
191.3   205.0 

800 
800 
800 

L 
L 
L 

1A-320L 
1A-330L 
1A-340L 

161.7   174.2 
156.4 171.3 
154.5 168.1 

1A-319L 
1A-329L 
1A-339L 

197.4 217.8 
179.5 206.3 
175.3 202.8 
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Table 47 (Continued) 

Temp. 
°F Orientation 

e/D ■ 1.5 
Specimen 

No. ksi 
Fbu 

1   _ • ksi 

800 
800 
800 

T 
T 
T 

1A-92T 
1A-102T 
1A-112T 

157.7 
157.7 
155.3 

194.8 
187.2 
176.8 

1000 
1000 
1000 

L 
L 
L 

1A-322L 
1A-332L 
1A-342L 

155.1 
147.8 
149.2 

176.3 
172.6 
170.0 

1000 
1000 
1000 

T 
T 
T 

1A-94T 
1A~.104T 
1A-114T 

155.2 
150.5 
153.5 

177.5 
180.5 
181.6 

Heat No. V-2957 
b 
Thickness:   40 mils 

c. 

e/D = 2.0 
Specimen ~F^ p^ 

No- ksf ksi^ 

1A-91T 196.0 202 5 
1A-101T 189.6 195 5 
1A-111T 197.7 210.0 

1A-321L 179.5 205 0 
1A-331L 162.0 196 7 
1A-341L 172.6 202 5 

1A-93T 190.4 202.5 
1A-103T 161.7 205.1 
1A-113T      178.3    196.7 

Heat Treatment:   1550»F,  J. hr.  A. C. + 1400'F,   * hr, A. C. 
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Table 48 

Bearing Properties of Ti-6Al-2Sn-4Zr-2Mo Alloy Sheet 
At   mfforant   T*»»v,„~ j. a. D. C 

HP 

Orientation 

L 
L 
L 

e/D 

i emperatures"' 

= 1.5 

ks'          ksi 

203.0   238.0 
198.3   233.6 
201.2   230.8 

e/D = 2.0 Temp. Specimen 
No. •F Specimen 

No. 
Fby        Fbu 
ksi          ksi 

236.7   296.0 
240.0   290.1 
234.0   291.0 

70 
70 
70 

2A-314L 
2A-324L 
2A-332L 

2A-313L 
2A-323L 
2A-335L 

70 
70 
70 

T 
T 
T 

2A-86T 
2A-96T 
2A-106T 

201.2   236.3 
199.8   234.0 
194.8   226.0 

2A-85T 
2A-97T 
2A-107T 

235.0 277.0 
245.5   298.5 
232.1 287.8 

400 
400 
400 

L 
L 
L 

2A-316L 
2A-325L 
2A-334L 

157.5   188.0 
159.0   190.2 
157.2   185.3 

2A-315L 
2A-326L 
2A-337L 

198.4 250.3 
194.8   239.5 
187.5 240.2 

184.3   232.0 
195.1 246.2 
189.2 244.0 

400 
400 
400 

T 
T 
T 

2A-88T 
2A-98T 
2A-108T 

159.6   190.8 
164.3   192.9 
157.1   186.0 

2A-89T 
2A-99T 
2A-109T 

600 
600 
600 

L 
L 
L 

2A-318L 
2A-327L 
2A-336L 

149.8   185.3 
148.7 181.0 
141.8 171.7 

2A-317L 
2A-329L 
2A-340L 

181.7   223.8 
171,2   228.0 
177.7   224.5 

600 
600 
600 

T 
T 
T 

2A-90T 
2A-100T 
2A-110T 

144.5   177.5 
143.1   172.5 
139.3   167.9 

2A-91T 
2A-101T 
2A-111T 

174.8   231.6 
165.5 222.5 
176.6 222.5 

800 
800 
800 

L 
L 
L 

2A-320L 
2A-328L 
2A-338L 

151.7   181.6 
139.6   173.2 
136.5   167.8 

2A-319L 
2A-331L 
2A-341L 

179.2 219.5 
174.5   212.0 
178.3 220.0 
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Table 48 (Continued) 

£/D = 1.5 e/D ■ 2.0 
Temp. Specimen 

ksi 

148.7 

Fbu Specimen 
ksi 

172.4 

Fbu 
°F Orientation 

T 

No. ksi 

177.4 

No. ksi 

800 2A-92T 2A-93T 202.0 
800 T 

X 2A-102T 142.5 171.4 2A-103T 172.5 208.2 
800 T 2A-112T 145.4 175.0 2A-113T 170.4 203.0 

1000 L 2A-322L 149.3 165.0 2A-321L 167.2 208.5 
1000 L 2A-330L 136.4 165.0 2A-333L 167.0 214.3 
100C L 2A-342L 138.8 165.2 2A-343L 173.3 211.5 

1000 T 2A-94T 140.0 170.0, 2A-95T 161.0 205.9 
1000 T 2A-104T 143,3 162. & 2A-10CT 167.2 204.5 
1000 T 2A-114T 139.2 161./0 2A-115T 173.2 205.0 

Heat No. V-3016 

Thickness:   40 mils 

/ 

/ 
i 

I 
Heat Treatment:   1650°F,  £ hr, A. C. +/i450oF,  \ hr, A. C. 

/ 

/ 
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Table 49 

Ultimate Shear Strength of Ti-5Al-5Sn-5Zr Alloy Sheet from 
Heat No. D-8060 at Different Temperaturesa' b 

Temp. 
°F 

70 
70 
70 
70 
70 

400 
400 
400 
400 
400 

600 
600 
600 
600 
600 

800 
800 
800 
800 
800 

1000 
1000 
1000 
1000 
1000 

Longitudinal Orientation 
Specimen ■^SU 

No. ksi 

5A-245L 88.7 
5A-250L 88.7 
5A-255L 87.5 
5A-260L 86.8 
5A-265L 86.8 

5A-246L 67.3 
5A-251L 68.0 
5A-256L 67.6 
5A-261L 67.3 
5A-266L 70.2 

5A-247L 62.2 
5A-252L 61 7 
5A-257L 62.2 
5A-262L 61.7 
5A-267L 64.4 

5A-248L 61.8 
5A-253L 58.5 
5A-258L 57. 8 
5A-2Ö3L 59.3 
5A-268L 60.7 

5A-249L 55.0 
5A-254L 55.8 
5A-259L 55.8 
5A-264L 56.4 
5A-269L 57.8 

Transverse Orientation 
Specimen fiu 

No. ks' 

5A-57T 95.7 
5A-62T 95.2 
5A-67T 92.7 
5A-72T 92.7 
SA-77T 94.7 

5A-58T 73.8 
5A-63T 71.0 
5A-68T 70.6 
5A-73T 73.3 
5A-78T 75.8 

5A-59T 68.8 
5A-64T 65.9 
5A-69T 66.1 
5A-74T 66.7 
5A-79T 67.5 

5A-o0T 66.5 
5A-65T 64.6 
5A-70T 65.8 
5A-75T 65.9 
5A-80T 68.0 

5A-61T 62.2 
5A-66T 62.5 
5A-71T 62.5 
5A-76T 62.9 
5A-81T 64.3 

a 
b Thickness:   40 mils 

Heat treatment:   1650°F,  1/2 hr, A.C. 
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Table 50 

Ultimate Shear Strength of Ti-5Al-5Sn-5Zr~lV-lMo Alloy Sheet from 
Heat No. V-2957 at Different Temperaturesa'b 

Longitudinal Orientation Transverse Orientation 
Temp., Specimen Fsu Specimen P" - su 

°F No. ksi 

106.2 

No. ksi 

108.2 70 1A-245L 1A-57T 
70 1A-250L 107.0 1A-62T 111.0 
70 1A-255L 105.0 1A-67T 111.0 
70 1A-230L 104.2 1A-72T 109.0 
70 1A-265L 103.3 1A-77T 110.0 

400 1A-246L 87.0 1A-58T 91.5 | 
400 1A-251L 88.5 1A-63T 89.2 
400 1A-256L 84.0 1A-68T 92.2 
400 1A-261L 83.8 1A-73T 89.0 
400 1A-266L 84.6 1A-78T 91.1 

600 1A-247L 80.3 1A-59T 88.3 
600 1A-252L 81.0 1A-64T 87.0 
o00 1A-257L 84.1 1A-6ST 85.8 
600 1A-262L 83.5 1A-74T 85.3 
600 1A-267L 83.2 1A-79T 87.0 

800 1A-248L 81.0 1A -60T 86 2 
800 1A-253L 82.5 1A-65T 64.6 
800 1A-258L 82.5 1A-70T 82.6 

; 

800 JA-263 L 81.1 1A-75T 85.6 
• 

800 1A-263L 80.3 1A-80T 86. 8 

1000 1A-249L 75.1 1A-61T 76.8 
1000 1A-254L 74.3 1A-66T 76.8 
1000 1A 259L 72.8 1A-71T 77.4 
1000 1A-264L 71.6 1A-76T 78.0 
1000 1A-269L 70.8 1A-81T 78.8 

a Thickness: 40 mils 1 
■ 

Heat treatment:   1550°F,  1/2 hr, A.C. + 1400°F,  1/4 hr, A.C. 
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Table   51 

Ultimate Shear Strength of Ti-6Al-2Sn-4Zr-2Mo Alloy Sheet from 
Heat No.  V-3016 at Different Temperatures3- b 

Longitudinal Orientation Transverse Orientation 
Temp., Specimen ^su Specimen Fsu 

°F No. ksi 

99.5 

No. ksi 

70 2A-245L 2A-57T 95.7 
70 2A-250L 101.3 2A-62T 98.5 
70 2A-255L 98.8 2A-67T 95.8 
70 2A-260L 93.8 2A-72T 93.8 
70 2A-265L 95.8 2A-77T 93.7 

400 2A-246L 82.5 2A-58T 78.1 
400 2A-251L 82.5 2A-63T 80.8 
400 2A-256L 84.3 2A-68T 78.5 
400 2A-261L 79.4 2A-73T 78.1 
400 2A-266L 80.5 2A-78T 77.3 

600 2A-247L 80.7 2A-59T 75.5 
600 2A-252L 81.2 2A-64T 76.8 
600 2A-257L 80.8 2A-69T 77.4 
600 2A-262L 76.1 2A-74T 75.5 
600 2A-267L 76.8 2A-79T 72.3 

800 2A-248L 80.0 2A-60T 74.2 
800 2A-253L 78.7 2A-65T 74.8 
800 2A-258L 74.0 2A-70T 70.7 
800 2A-263L 74.0 2A-75T 72.8 
800 2A-268L 76. 0 2A -80T 70.5 

1000 2A-249L 70.0 2A-61T 66.5 
1000 2A-254L 71.7 2A-66T 69.7 
1000 2A-259L 66.5 2A-71T 67.6 
1000 2A-264L 68.4 2A-76T 65.9 
1000 JA- 269 L 67.8 2A-81T 66.5 

Sheet thickness:   40 mils 
b Heat treatment:   1650°F,  1/2 hr, A.C.  + 1450°F,  1/4 hr, A.C. 
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Table 52 

Tensile Properties of Ti-5Al-5Sn-5Zr Alloy Forty-Mil Sheet 
at Room Temperature and at the Exposure Temperature after 
Different Thermal Exposures 8» *> 

Exposure Conditions 
Temp. Time 
"F Hr 

70 

70 

118.6 

Uat ksi 

600 
TesTTemperature, " F 
800 1000 1100 1150 1200 

:oo 
600 

800 
800 
800 

1000 
1000 
1000 
1000 

1100 
1150 
1200 

0.25 
1000 

0.25 
100 

1000 

0.25 
10 

100 
1000 

10 
10 
10 

114.2 

118.0 
121.1 

120.4 
120.2 
120.3 

118.9 
116.5 
119.1 

66.3 
63.8 

61.1 
63.2 
66.9 

59.0 
61.0 
62.8 
63.8 

62.8 
55.2 

53.3 

Exposure Conditions 
Temp. 
°F 

70 

600 
600 

800 
800 
800 

1000 
000 
J0 

1000 

1100 
1150 
1200 

Ffai, ksi 
j.ime 
Hr 70 600 

Test 
800 

Temperature,   c F 
1000        1100 

- 128.5 

0.25 
1000 122.2 

89.6 
85.4 

0.25 
100 

1000 
123.7 
126.0 

- 83.5 
84.1 
86.9 

0.25 
10 

100 
1000 

126.6 
125.8 
128.2 

- 

~ 79.4 
80.2 
81.7 
83.0 

10 
10 

126.3 
124.9 

- - 82.7 

10 127.0 _ _ 

1150 1200 

76.3 
70.2 
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Table  52 (Continued) 

TenBile Properties of Ti-5Al-5Sn-5Zr Alloy Forty-Mil Sheet 
at Room Temperature and at the Exposure Temperature after 
Different Thermal Exposures8' ° 

Exposure Conditions 
Temp. 
°F 

Time 
Hr 70 

14 

800 
Test 
800 

Tempera tu 
1000 

re. ■ 9 
1100 1150 1200 

70 

600 
600 

0.25 
1000 18 

18 
20 

800 
800 
800 

0.25 
100 

1000 
18 
18 

- 23 
25 
24 

1000 
1000 
1000 
1000 

0.25 
10 

100 
1000 

16 
16 
15 

- - 

21 
24 
22 
18 

1100 
1150 
1200 

10 
10 
10 

15 
14 

™ 

- 
" 21 

26 
33 

a. Heat treatment:  1650° F, 1/2 hr, A.C. 
b. Results are averages of duplicate tests except those for single specimens ex- 

posed and tested at 1100, 1150, and 1200° F. 
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Table 53 

Ultimate Shear Strength of the Ti-5Al-5Sn-5Zr Alloy 
Forty-Mil Sheet at Room Temperature and at the Ex-    , 
posure Temperature After Different Thermal Exposures ' 

ügpogure Condition*! 
Temp. ""* Time, 
- F Hr 

70 

Tes* Temperature. ° F 

■ V 
■■ 87.7 

600 
600 

0.25 
1000 86.4 

62.4 
62.9 

800 0.75 
800 
800 

100 
1000 

85.8 
86.2 

- 
59.6 
59.5 
62.1 

1000 0.25 
1000 
1000 

10 
100 

85.4 
85.0 
84.6 

- - 
56.2 
56.5 

1000 1000 - - 
57.2 
57.9 

a. Heat treatment;  1650° F, 1/2 hr, A.C. 
b. All results shown are averages of two tests. 
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Table 54 

Tensile Properties of the Ti-5Al-5Sn-5Zr-lV-lMo Alloy Forty- 
Mil Sheet at Room Temperature and at the Exposure Tempera- 
ture after Different Thermal Exposures3' D 

Exposure Conditions 
Time 

Hr 

Ft*,  ksi 
Temp. 
•F 70 

136.8 

600 
Test Temperature, " F 
800         1000        1100 1150 1200 

70 

600 
600 

0.25 
1000 145.5 

97.6 
103.4 

800 
800 
800 

0.25 
100 

1000 
150.5 
155.1 

- 92.8 
98.0 

102.1 

1000 
1000 
1000 
1000 

0.25 
10 

100 
1000 

150.2 
150.6 
153.7 

- - 
83.3 
88.4 
81.8 
83.3 

1100 
1150 
1200 

1C 
10 
10 

146.2 
146.6 
144.7 

- 
- - 

68.3 
59.2 

58.1 

Exposure Conditions 
Time 
Hr 

Ft,,, ksi 
Temp. 
°F 70 

146.8 

600 
Test Temperature, ° F 
800         1000       1100 1150 1200 

70 

600 
600 

0.25 
1000 159.5 

120.2 
127.7 

800 
800 
800 

0.25 
100 

1000 
163.0 
184.5 

- 120.2 
124.3 
125.6 

1000 
1000 
1000 
1000 

0.25 
10 

100 
1000 

161.0 
160.3 
160.7 

- - 

108.2 
108.5 
99.1 

100.5 

1100 
1150 
1200 

1C 
10 
10 

155.2 
156.2 
153.5 

26 2 

- 

88.6 
31.8 
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Table 54 (Continued) 

Tensile Properties of the Ti-5Al-5Sn-5Zr-lV-lMo Alloy Forty- 
Mil Sheet at Room Temperature and at the Exposure Tempera- 
ture after Different Thermal Exposures*' ■ 

Exposure Conditions          e, %  
Test Temperature,   " F 

70 600 800 1000      1100       1150        1200 
Temp. 
CF 

Time 
Hr 

70 - 

500 
600 

0.25 
1000 

800 
800 
800 

0.25 
100 
1000 

1000 
1000 
1000 
1000 

0.25 
10 

100 
1000 

1100 
1150 
1200 

10 
10 
10 

11 

10 
10 8 

12 
12 - 8 
12 - 10 

12 
12 - - 12 
11 - 14 
4          -             -             14 

12 - - - 16 
12           -             -             - - 24 
10           ----- 18 

a. Her?+treatment:   1550° F, 1/2 hr, A.C. + 1400° F, 1/4 hr, A.C. 
b. Results are averages of duplicate tests except those for single specimens 

exposed and tested at 1100, 1150 and 1200" F. 
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Table 55 

Ultimate Shear Strength of the Ti-5Al-5Sn-5Zr-lMo-lV 
Alloy Forly-Mil Sheet at Room Temperature and at the 
Exposure Temperature after Different Thermal Expo- 
sures^ 

Exposure Conditions 
Temp. Time, 

Hr 
Test Temperature, °F 

°F 70 

105.1 

600 800 1ÖÖÖ 

70 

600 0.25 _ 82.4 
600 1000 109.6 87.6 

800 0.25 _ _ 81.5 
800 100 113.6 - 82.4 
800 1000 113.1 - 81.7 

1000 0.25 m m m 72.9 
1000 10 110.7 - _ 73.7 
1000 100 110.4 - - 71.0 
1000 1000 108.6 71.6 

a. Heat treatment:  1550° F, 1/2 hr, A.C. + 1400° F, 
1/4 hr, A.C. 

b. All results shown are averages of two tests. 
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Table 56 

Tensile Properties of Ti-8Al-2Sn-4Zr-2Mo Alloy Forty-Wil 
Sheet at Room Temperature and at the Exposure Temperature 
after Different Thermal Exposures3'» 

Exposure Conditions 
Temp.     ~        Time 
*F_ Hr 

70 

600 
600 

800 
800 
800 

1000 
1000 
1000 
1000 

1100 
1150 
1200 

0.25 
1000 

0.25 
100 

1000 

0.25 
10 

100 
1000 

10 
10 
10 

70 

142.2 

151.2 

152. 
153. 

152.0 
155.8 
156.6 

181.4 
147.9 
143.9 

i* ksi 

600 

95.9 
100.6 

Test Temperature, ' F 
300 1000       1100       1150 1200 

91.7 
96.3 
96.7 

85.0 
85.3 
89.9 
87.1 

79.5 
66.4 

56.4 

Exposure Conditions 
Temp. Time 

6F Hr 

70 

600 
600 

800 
800 
800 

1000 
1000 
1000 
1000 

1100 
1150 
1200 

0.25 
1000 

0.25 
100 

1000 

0.25 
10 

100 
1000 

10 
10 
10 

70 

147.7 

160.8 

163.3 
163.4 

160.8 
163.3 
160.9 

155.1 
155.5 
150.8 

"tu»  j»l 

W) 

115.0 
122.9 

Test Temperature, r F 
800 1000        1100 1150   1200 

113.8 
126.3 
124.2 

106.8 
105.6 
109.3 
105.0 

94.5 
79.6 

70.5 
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Table 56 (Continued) 

Tensile Properties of Ti-6Al-2Sn-4Zr-2Mo Alloy Forty-Mil 
Sheet at Room Temperature and at the Exposure Temperature 
after Different Thermal Exposures*'b 

Exposure Conditions 
Temp. Time 
°F Hr 

70 

e, % 
Test Temperature,     F 

70 000 800 1000        1100 1150 1200 

600 
600 

800 
800 
800 

1000 
1000 
1000 
1000 

1100 
1150 
1200 

- 12 

0.25 _ 9 
1000 i! 10 

0.25 _ .. 11 
100 11 - 9 

1000 12 - 10 

0.25 - _ _ 13 
10 12 - _ 14 

100 12 _ - 14 
10/* 12 - - 15 

10 12 . . 

10 12 _ . _ 
10 13 . _ m 

19 
27 

33 

a. Heat treatment:   1650° F, 1/2 hr, A.C., + 1450° F. 1/4 hr, A.C. 
b. Results are averages of duplicate tests except those for single specimens exposed 

and tested at 1100, 1150, and 1200" F. 

266 



r 

Table 57 

Ultimate Shear Strength of the Ti-6Al-2Sn-4Zr-2Mo 
Alloy Forly-Mil Sheet at Room Temperature and at 
the Expo&'ire Temperature after Different Thermal 
Exposures*'b 

Exposure Conditions 
Test Temperature. Temp. 

T 
Time. 
Hr 

°F 
7Ü 600 ~800 1000 

70 - 97.8 

600 
600 

0.25 
1000 102.4 

79.1 
82.8 

800 
800 
800 

0.25 
100 

1000 
110.3 
108.1 

- 
76.5 
82.0 
81.2 

1000 
1000 
1000 
1000 

0.25 
10 

100 
1000 

107.2 
110.3 
103.5 

- - 68.9 
69,0 
72.8 
69.3 

a. Heat treatment:   1650° F, 1/2 hr, A. C. + 1450° F, 
1/4 hr, A.C. 

b. All results shown are averages of two tests. 
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Table 58 

Rockwell C Hardness of Sheet Alloys after Ex- 
posure at Different Temperatures and Times 

Exposure 
Temp, ° F 

Exposure 
Time, hr 

Ti-5Al-5Sn- 
5Zrb»c 

Ti-SAl-SSn- 
5Zr-lMo-lVb« 

Ti-6Al-2Sn- 
c4Zr-2Mob*c 

RT - 33.4 U. 9 34.3 

600 1000 30.7 38.5 35.8 

800 
800 

100 
1000 

30.5 
31.8 

38.0 
38.5 

36.4 
35.3 

1000 
1000 
1000 

10 
100 

1000 

34.0 
31.8 
31.8 

36.8 
35.5 
37.5 

35.5 
36.2 
35.6 

1100 VJ 33.3 35.3 34.8 

1150 10 3L2 37.5 34.7 

1200 10 31.3 33. r. 33.0 

a Hardness measured on 30-N scale and converted to Rc. 
b  40 mil sheet 
c  Heat treatments: 

Ti-5Al-5Sn-5Zr sheet, 1650° F. l/2hr. A.C. 
Ti-5Al-5Sn-5Zr-lMo-lV sheet, 1550" F, 1/2 hr, A.C. + 14Cd'F, 1/4 hr, A.C. 
Ti-8Al-2Sn-4Zr 3Mo sheet, 1650° F, 1/2 hr, A.C. ■*■ 1450" F, 1/4 hr, A.C. 
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Table 59 

Creep D? - for the Ti-5Al-5Sn-5Zr Alloy Sheet3* b' C 

Specimen 
Number 

5A-105L 
5A-118L 
5A-107L 
5A-117L 
5A-119L 

5A-113L 
5A-166L 
5A-160L 
5A-168L 
5A-97L 
5A-122L 
5A-120L 
5A-99L 
5A-115L 
5A-106L 

5A-176L 
5A-112L 
5A-16ÖL 
5A-114L 
5A-111L 
5A-171L 
5A-109L 
5A-104L 
5A-103L 
5A-102L 

5A-116L 
5A-96L 
5A-101L 
5A-123L 
5A-110L 

Temp,, 
°F 

800 
800 
800 
800 
800 

900 
900 
900 
900 
900 
900 
900 
900 
900 
900 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

1050 
1050 
1050 
1050 
1050 

Stress, 
KSl 

60.0 
65.0 
69.0 
71.0 
75.0 

59.0 
60.0 
63.0 
63.0 
63.0 
65.0 
68.0 
70.0 
70.0 
72.0 

28.0 
30.0 
35.0 
35.0 
40.0 
40.0 
45. C 
47.5 
50,0 
50.0 

25.0 
26.0 
28,0 
30.0 
32.0 

Time to creep deformation, hr 
0.05%   ~0.1%   "~Q%      TT5%T o% 

8 
290 
160 
20 

d 
d 
d 

480 

d 
d 
d 
d 

d 
d 
d 
d 

Deformed excessively on loading 

50 
110 

5 
19 

2 
1 
1 

115 
25 
19 
45 
10 

5 
3 
1 
1 
1 

10 
24 
24 
10 

8 

a Heat No. D-8060. 
b Sheet thickness:   40 mils. 
c H^at treatment:   1650° F,  1/2 hr, A.C. 
d Denotes that test was discontinued. 

200 
170 

11 
38 

5 
18 
4 
6 
5 

350 
70 

100 
70 
25 
21 
17 
11 

2 
3 

47 
68 
68 
29 
25 

d 
410 

27 
80 
15 
45 

9 
13 
14 

3 

d 
370 
305 
170 

55 
185 

50 
35 

3 
13 

155 
165 
165 
82 
65 

d 
d 
d 
d 

d d 
72 d 

220 d 
SI d 

120 620 
39 312 
30 100 
42 243 
9 46 

d d 
d d 
d d 

494 d 
315 d 
215 d 
135 285 
83 184 
9 97 

38 71 

314 d 
284 Q 

284 d 
155 d 
171 215 

Min. Creep 
Rate, %hr-x 

_5 
<1.0x 10 

8. Ox 10-5 

4. Ox 10"5 

7.5 x 10-5 

3. Ox 10'4 

6. Ox 10-4 

2.8x 10*3 

1. 8 x 10-3 

1. 9 x 10"3 

2.4 x 10~3 

5.4x 10~3 

2. 3 x 10-2 

6.6x 10-2 

5.1 x IQ"2 

2. Ox 10-4 

3. Ox 10"4 

5. 5 x 10"4 

3. Ox 10-4 

7.6x 10"4 

1.3x 10-3 

3.2x 10~3 

3.3x 10-3 

8. Ox 10"3 

8.1 x 10-s 

9. 5 x 10-4 

l.lx 10"3 

1. lx 10-3 

1. 9 x 10-3 

2. Ox 10"3 
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Table 60 

Creep Data for the Ti-5Al~5Sn-5Zr-lMo-lV Alloy Sheeta* b*c 

Specimen    Temp. 
Number        • F 

1A-122L 
1A-97L 
1A-112L 
1A-98L 
1A-111L 
1A-100L 
1A-115L 

1A-95L 
1A-117L 
1A-121L 
1A-123L 
1A-106L 
1A-116L 
1A-103L 

1A-113 
1A-167L 
1A-164L 
1A-175L 

1A-119L 
1A-.104L 
1A-105L 
1A-99.L 
1A-107L 
1A-94L 
1A-110L 

600 
600 
600 
600 
600 
600 
600 

800 
800 
800 
800 
800 
800 
800 

900 
900 
900 
900 

1000 
1000 
1000 
1000 
1000 
1000 
1000 

Stress, 
ksi 

80.0 
85.0 
87.0 
90.0 
90.0 
95.0 

100.0 

44.0 
49.5 
65.0 
77.0 
77.0 
82.0 
88.0 

25.0 
30.0 
35.0 
40.0 

5.0 
8.0 

10.0 
11.5 
13.0 
15.0 
15.0 

Time to creep deformation, hr 
3705%    071%    CT%"    075% 

13 
10 
7 
5 

7 
3 
3 
1 

40 
15 
10 
9 
5 
3 
4 

14 
8 

10 

35 
25 
17 
15 
5 
3 
2 

18 
10 
10 
3 

105 
31 
35 
18 
15 
6 
8 

55 
22 
13 
15 
10 
6 

210 
170 
50 
75 
27 
21 
5 

145 
70 
42 
20 

185 
65 
80 
39 
35 
16 
21 

d 
65 
36 
d 
27 
10 
4 

d 
d 

990 
250 
d 

250 
28 

440 
340 
210 
165 

665 
201 
195 
114 
93 
65 
75 

2.0% 

d 
d 
d 
d 
d 
d 
d 

d 
d 
d 
d 
d 
d 
d 

d 
d 

1100 
700 

d 
885 
575 
500 
265 
340 

Min. Creep 
Rate, %hr-x 

2.0 x 10-4 

1.8x 10-4 
4. 4 x 10"4 

3. 4 x 10-4 

4. 6 x 10"4 

3.4 x 10"4 

5.4 x 10"4 

3.1 x 10-3 

1.3x 10-4 

1.0 x IQ"4 

3. 0 x 10-4 

4. 5 x 10"4 

1. 7 x 10-3 

1. 2x 10"3 

7. 7 x 10"4 

1.02x 10-3 

1.65x 10"3 

2. Ox 10-3 

6. 8 x 10"4 

1.6x 10"3 

1.4x IQ'3 

3.8x 10-3 

2. 7 x 10~3 

6.7x lO'3 

5. 8 x 10-3 

a Heat No. V-2957. 
b Sheet thickness:   40 mils. 
c Heat treatment:   1550° F, 1/2 hr, A.C. + 1400° F, A.C, 
d Denotes that test was discontinued. 
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Table 61 

Creep Data for the Ti-6AI=2Sn-4Zr-2Mo Alloy Sheeta'b>c 

Specimen     Temp.,     Stress, 
Number        ° F ksi Time to creep deformation, hr  _____ _.   - 

2A-100L 
2A-115L 
2A-102L 
2A-99L 
2A-106L 
2A-98L 
2A-109L 
2A-117L 
2A-113L 

2A-119L 
2A-107L 
2A-120L 
2A-95L 
2A-97L 
2A-101L 
2A-116L 
2A-122L 
2A-105L 

2A-103L 
2A-121L 
2A-112L 
2A-169L 
2A-96L 
2A-165L 
2A-94L 
2A-104L 
2A-11IL 
2A-110L 

£ 05%   "32%    _0_2%    0.5%'     2.0% 
800 
800 
800 
800 
800 
800 
800 
800 
800 

900 
900 
900 
900 
900 
900 
900 
900 
900 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

60.0 
60.0 
70.0 
78.0 
83.0 
85.0 
85.0 
88.0 
92.0 

40.0 
40.0 
50.0 
55.0 
55.0 
60.0 
65.0 
65.0 
68.0 

12.0 
16.0 
20.0 
20.0 
23.0 
25.0 
25.0 
25.0 
25.0 
30.0 

10 
5 
5 
5 
2 
3 
2 

5 
11 

7 
3 
7 
1 
1 
1 

9 
7 
4 
3 
5 
2 
3 
3 
1 
1 

40 
30 
17 
13 

7 
5 
5 

20 
31 
17 
8 

15 
3 
2 
2 

30 
21 
12 
12 
15 

5 
8 
8 
2 
5 

550 
127 
105 
55 
38 
25 
18 

2 
15 

160 
100 

73 
21 
41 

5 
10 
10 

4 

445 
135 

55 
60 
55 
20 
26 
26 
18 
15 

d 
d 
d 
d 
d 

310 
280 

35 
105 

d 
d 

600 
175 
300 
105 

73 
68 
52 

1010 
d 

330 
d 

220 
145 
190 
250 
290 

74 

d 
d 
d 
d 
d 
d 
d 
d 
d 

d 
d 
d 
d 
d 
d 
d 
d 
d 

d 
d 

980 
d 
d 
d 
d 
d 
d 

435 

Min. Crel 
Rate, % h| 

l.Ox 10 
5. Ox 10 
1.2x 10 
2. 6 x 10 
2. 6 x 10 
4. 0 x 10 
7. 2 x 10 
7.4x 10 
1. 7 x 10 

2. Ox 10" 

5.4 x 10" 
1.3 x 10- 
9. 8 x 10- 
1.3x 10" 
2. 2 x 10" 
2. 9 x 10" 
2. 5 x 10- 

1. 6 x 10" 
6. 4 x 10- 
2. 0 x 10" 
l.Ox 10-J 
1.7x 10-2 
2.2x 10"3 

1.4x 10'3 

3. 3 x 10"3 

5. 4 x 10-« 
4.1 x 10 

a 
b 
c 
d 

Heat No. V-3016. 
Sheet thickness:   40 mils. 
Heat treatment:   1650° F, 1/2 hr, A.C. + 
Denotes that test was discontinued. 1450° F, 1/4 hr, A.C. 
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Table 62 

Fatigue Data ior the Ti-5AK53n-5Zr Alloy Sheet11'b'c'd 

Max Mean 
Specimen Tempu Stress, Stress, Cycles to 

No. 8F A           1 

0.67       1 

C+             ksi 

I            100.2 

ksi Fracture 

5A-177L 70 60,0 188,900 
5A-199L 70 0.67       1 t             91.9 55.0 151,300 
5A-184L 70 0.67       : L             63.5 50.0 1,451,400 
5A-237L 70 0.67       ] I             80.1 48.0 5,080,700 
5A-201L 70 0.67       1 1             ?8.5 47.0 3,083,000 
5A-182L 70 0.67       1 i             78.0 46.7 3,866,700 
5A-190L 70 0.67        j L             76.0 45.5 4,168,590+ 
5A-240L 70 0.67       3 L             76.0 45.5 1,983,200 

5A-191AL 70 0.98        1 I             85.0 43.0 182,800 
5A-178L 70 0.98        ] L             79.8 40.3 195,000 
5A-179L 70 0.98       1 I             78.6 39.7 3,805,100 
5A-202L 70 0.98        ] I             74.5 37.5 533,800 
5A-192L 70 0.98       ; 1             72.2 36.7 3,366,500 
5A-191L 70 0.98        1 L             68.3 34.6 14,194,600+ 

5A-207L 400 0.67       1 L             85.0 50.9 181,200 
5A-195L 400 0.67       1 L             80.0 47.9 126,200 
5A-197L 400 0,67        1 L             80.0 47.9 804,100 
5A-200L 400 0.67       1 L             75.0 45.0 2,561,200 
5A-204L 400 0.67       1 L             70.0 41.9 11,132,100+ 

5A-209L 400 0.98        1 80.0 40.4 668,200 
5A-198L 400 0.98        1 I             80.0 40.4 232,200 
5A-193L 400 0.98       J I             75.0 39.7 1,723,800 
5A-194L 400 0.98        1 I             70.0 35.4 7,564,600 

5A-180L 800 0.67        1 i             80.0 48.0 31,000 
5A-187L 800 0.67        1 L             75.0 45.0 93,200 
5A-183L 800 C.67       1 I             75.0 45.0 853,000 
5A-189L 800 0.67        1 i             75.0 45.0 180,000 
5A-185L 800 0.67        1 L             70.0 42.0 10,624,700+ 
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Table 82 (Continued) 

Fatigue Data for the Ti-5Al-5Sn-5Zr Alloy Sheet 
a, b, c,d 

Max Mean 
Specimen Temp. Stress, Stress, Cycles to 

No. °F A 

0.98 

Kt ksi 

70.0 

ksi 

35.3 

Fracturee 

5A-239L 800 173,000 
5A-188L 800 0.98 68.0 34.4 995,500 
5A-186L 800 0.98 65.0 32.8 3,660,000 
5A-203L 800 0.98 60.0 30.3 3,185,000 
5A-206L 800 0.98 50.0 25.3 10,042,800+ 

5A-218L 70 0.67 3 45.0 26.9 111,900 
5A-217L 70 0.67 3 40.9 23.9 157,200 
5A-243L 70 0.67 3 37.5 22.4 10,000,000+ 
5A-215L 70 0.67 3 35.0 21.0 658,900 
5A-219L 70 0.67 3 30.0 17.5 10,800,000+ 

5A-244L 70 0.98 3 47.8 24.2 74,000 
5A-213L 70 0.98 3 42.5 21.6 143,500 
5A-212L 70 0.98 3 37.2 18.7 3,677,600 
5A-211L 70 0.98 3 34.5 17.4 2,029,800 
5A-210L 70 0.98 3 31.9 16.1 10,000,000+ 

5A-221L 400 0.67 3 43.0 25.8 165,800 
5A-216L 400 0.87 3 40.5 17.0 99,700 
5A-214L 400 0.66 3 40.5 17.0 1,012,700 
5A-242L 400 0.67 3 38.0 22.7 4,370,900 
5A-220L 400 0.67 3 33.0 14.4 11,900,000+ 

5A-228L 400 0.98 3 43.0 21.7 50,000 
5A-229L 400 0.98 3 40.0 20.2 91,000 
5A-236L 400 0.98 3 38.0 19.2 270,300 
5A-235L 400 0.98 3 35.0 17.7 2,484,000 
5A-234L 400 0.98 3 30.0 15.2 10,304,400+ 
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Table 62 (Continued) 

Fatigue Data for the Ti-5Al-5Sn-5Zr Alloy Sheeta* b'c'd 

Specimen 
No. 

5A-241L 
5A-223L 
5A-225L 
5A-22ÖL 
5A-.224L 

5A-233L 
5A-230L 
5A-231L 
5A-222L 
5A-232L 

Temp. 
°F 

800 
800 
800 
800 
800 

800 
800 
800 
800 
800 

0.67 
0.67 
0.67 
0.67 
0.67 

0.98 
0.98 
Ü.98 
0.98 
0.98 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

Max 
Stress, 

ksl 

30.0 
30.0 
28.0 
26.0 
25.0 

40.0 
35.0 
30.0 
25.0 
20.0 

Mean 
Stress, 

ksi 

18.0 
18.0 
16.7 
15.5 
15.0 

20.2 
17.7 
15.1 
12. 
10.1 

Cycles to 
Fracturee 

143,900 
162,500 

1,464,100 
8,954,700 

11.570,000+ 

20,700 
33,900 

163,000 
4,205,800 

10,432,000+ 

a 
b 
c 
d 
e 

Heat No. D-8060. 
Thickness:  40 mils. 
Heat treatment:  1650° F, 1 /2 hr, A. C. 
All specimens from longitudinal orientation. 
Plus (+) denotea that test was discontinued. 
Shoulder failure. 
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Table 63 

Fatigue Data for the Ti-5Al-5Zr-5Sn -lMo-lV Sheet9'b>c>d 

Max. Mean Specimen 
Number 

Temp. 
°F A        I 

0.67 
0.67 
0.67 
0.67 
0.67 

Stress, 
Ct           ksi 

1        100.2 
1          91.8 
1          81.0 
1          77.0 
1          73.0 

Stress, 
ksi 

60.0 
55.0 
48.5 
46.1 
43.7 

Cycles to 
Fracture 

70 
70 
70 
70 
70 

1A-238L 
1A-237L 
1A-187L 
1A-229L 
1A-222L 

77,600 
172,700 

2, 745, 500 
3, 946, 500 
7, 501, 900 

1A-230L 
1A-240L 
1A-191L 
1A-186L 
1A-223L 

70 
70 
70 
70 
70 

0.98 
0.98 
0.98 
0.98 
0.98 

1          85.0 
1          79.8 
1          74.5 
1          69.0 
1          67.0 

43.0 
40.3 
37.6 
34.9 
33.8 

145,000 
139,600 

6,344, 500 
7,448, 200 
6, 959,300 

1A-195L 
1A-192L 
1A-196L 
1A-239L 
1A-241L 

400 
400 
400 
400 
400 

0.67 
0.67 
0.67 
0.67       ] 
0.67       ] 

1          98.0 
i          95.0 
I          92,5 
I          90.0 
I          85.0 

58.7 
56.8 
55.4 
53.9 
51.0 

114,400 
207, 700 
167,300 

4,179,400 
10,000,300+ 

1A-215L 
1A-194L 
1A-2I3L 
1A-218L 
1A-214L 

400 
400 
400 
400 
400 

0.98       1 
0.98       1 
0.98       1 
0.98       1 
0.98       1 

79.6 
79.6 
77.2 
75.0 
70.3 

40.2 
40.2 
39.0 
37.8 
35.5 

47,000 
521,400 
805,300 

3, 516,400 
10,000,000+ 

1A-242L 
1A-204L 
1A-203L 
IA-219L 
1A-206L 

800 
800 
800 
800 
800 

0.67       1 
0.67       1 
0.67       1 
0.67       1 
0.67       1 

80.0 
73.0 
70.0 
70.0 
65.0 

47.8 
43.7 
41.8 
41,8 
39.0 

116,400 
4,400,800 

413,400 
10, 542,800+ 
10,448,100+ 

1A-205L 
1A-231L 
1A-201L 
1A-202L 
1A-200L 

800 
800 
800 
800 
800 

0.98       1 
0.98       1 
0.98       1 
0.98       1 
0.98       1 

80.0 
75.0 
75.0 
70.0 
65.0 

40.3 
37.9 
37.9 
35.3 
32.8 

35, 300 
55, 700 

147, 500 
10,099,500+ 
10,376, 300+ 
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Table 63 (Continued) 

Max. Mean 
Specimen Temp., Stress, Stress, Cycles toe 

Number 6F A 

0.67 

JSt_ 
3 

ksi 

45.0 

ksi 

26.9 

Fracture 

1A-182L 70 133,900 
1A-181L 70 0.67 3 45.0 26.9 146,700 
1A-236L 70 0.67 3 40.0 23.9 6,048,600 
1A-193L 70 0.67 3 37.5 22.5 3,751, 900 
1A-232L 70 0.67 3 35.0 21.9 9, 568,800 

1A-235L 70 0.98 3 45.0 22.7 40,000 
1A-234L 70 0.98 3 45,0 22.7 47,000 
1A-244L 70 0.98 3 40.0 20.2 48,300 
1A-243L 70 0.98 3 38.0 19.2 11,372,400+ 
1A-228L 70 0.98 3 35.0 17.7 9,255,400 

1A-212L 400 0.67 3 45.0 26.9 82,200 
1A-226L 400 0.67 3 42.5 25.5 89,100 
iA-184L 400 0.67 3 40.0 23.9 93,700 
1A-225L 400 0.67 3 40.0 23.9 730,800 
1A-227L 400 0.67 3 35.0 21.0 10,045,100+ 

1A-211L 400 0.98 3 45.0 22.7 65,000 
1A-209L 400 0.98 3 42.5 21.5 69,000 
1A-190L 400 0.98 3 40.0 20.2 127,000 
1A-220L 400 0.98 3 40.0 20.2 1,773,100 
1A-221L 400 0.98 3 37.5 18.9 8, 997,100 

lii-208L 800 0.67 3 45.0 26.8 90,000 
1A-179L 800 0.67 3 45.0 26.8 806, 700 
IA-210L 800 0.67 3 40.0 24.0 130,000 
1A-207L 800 0.67 3 38.0 22.7 7, 980,000 
1A-189L 800 0.67 3 35.0 21,0 10,600,000+ 

1A-180L 800 0.98 3 40.0 20.2 63,700 
1A-185L 800 0.98 3 40.0 20.2 247,000 
1A-188L 800 0.98 3 39.0 19.7 49,100 
1A-178L 800 0.98 3 38.0 19.1 4, 217, 500 
1A-177L 800 0.98 3 35.0 19.7 10,600,000+ 

a      Heat No. V-2957 
b      Thicknes s:  40 mils. 
c      Heat treatment: 11)50° F, 1/2 hr. A.C. + 1400° F, 1/4 hr, A.C. 
d      All tests in longitudinal orientation. 
e      Plus (+) denotes that test was disc :ontinued i 
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Table 64 

Fatigue Date for the Ti-6Al-2Sn-4Zr-2Mo Alloy Sheeta' b'C'd 

Specimen 
No. 

2A-209L 
2A-210L 
2A-213L 
2A-215L 
2A-212L 

2A-223L 
2A-222L 
2A-233L 
2A-216L 

2A-221L 
2A-227L 
2A-224L 
2A-220L 
2A-228L 
2A-243L 

2A-226L 
2A-225L 
2A-230L 
2A-231L 
2A-234L 

2A-236L 
2A-241L 
2A-384L 
2A-242L 
2A-383L 

Temp, 
eF 

70 
70 
70 
70 
70 

70 
70 
70 
70 

400 
400 
400 
400 
400 
400 

400 
400 
400 
400 
400 

800 
800 
800 
800 
800 

A 

0.67 
0.67 
0.67 
0.87 
0.67 

0.98 
0.98 
0.98 
0.98 

0.67 
0.67 
0.67 
0.67 
0.67 
0.67 

0.98 
0.98 
0.98 
0.98 
0.98 

0.67 
0.67 
0.67 
0.67 
0.67 

J^ 

Max 
Stress, 

ksi 

108.5 
100.2 
97.0 
94.0 
91.8 

100.0 
95.0 
90.0 
85.0 

113.0 
110.0 
108.0 
103.0 
98.0 
94.0 

103.0 
100.0 
95.0 
95.0 
90.0 

95.0 
90.0 
90.0 
85.0 
80,0 

Mean 
Stress, 

ksi 

85.0 
60.0 
58.1 
56.3 
55,0 

50.5 
48.0 
45.4 
42.9 

67.5 
65» 5 
64.8 
61.8 
58.7 
56.1 

52.0 
50.5 
48.0 
48.0 
45.5 

57.0 
53.8 
53.8 
50.9 
48.0 

Cycles to 
Fracturee 

566,400 
3,299,100 
4,732,000 
7,986,600 

11,913,700+ 

1,058,500 
2,886,100 
4,357,000 

10,498,900+ 

24,700 
18,000 
28,500 

4,396,700 
5,800,000 
6,593,700 

46,300 
2,096,500 

677,100 
1,175,500 

10,006,000+ 

432,200 
237,800 
269,200 

1,078,500 
11,225,000+ 
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Table 64 (Continued) 

Fatigue Data for the Ti-«Al-2Sn-4Zr-2Mo Alloy Sheeta'b*C'd 

Specimen 
No. 

2A-390L 
2A-389L 
2A-386L 
2A-235L 
2A-385L 

2A-198L 
2A-195L 
2A-196L 
2A-197L 

2A-J99L 
2A-237L 
2A-201L 
2A-189L 

2A-202AL 
2A-238L 
2A-203L 
2A-204L 
2A-200L 
2A-202L 

2A-188L 
2A-206L 
2A-239L 
2A-240L 
2A-187L 

Temp, 
°F 

800 
800 
800 
800 
800 

70 
70 
70 
70 

70 
70 
70 
70 

400 
400 
400 
400 
400 
400 

400 
400 
400 
400 
400 

0.98 
0.98 
0.98 
0.98 
0.98 

0.67 
0.67 
0.67 
0.67 

0.98 
0.98 
0.98 
0.98 

0.67 
0.67 
0.67 
0.67 
0.67 
0.67 

0.98 
0.98 
0.98 
0.98 
0.98 

3 
3 
3 
3 

3 
3 
3 
3 

3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

100. C 
95.0 
90.0 
80.0 
75.0 

47.9 
45.8 
42.6 
37.2 

42. C 
40.0 
38.3 
37.3 

50.0 
47.5 
45.0 
42.5 
41.0 
40.0 

47.5 
45.0 
45.0 
40.0 
37.5 

Mean 
Stress, 
ksi 

50.5 
48.1 
45.5 
40.4 
37.9 

28.7 
27.5 
25.6 
22.3 

21.5 
20.2 
19.4 
18.8 

29.9 
28.4 
26.9 
25.4 
24.5 
24.0 

24.0 
22.7 
22.7 
20.2 
18.9 

Cycles to 
Fracture6 

36,400 
136,000 

8,400,000 
3,150,400 

12,000,000+ 

100,000 
122,200 

3,665,800 
10,329,800+ 

55,300 
174,000 

5,868,100 
10,300,000+ 

290,600 
66,700 

383,900 
3,054,900 
5,640,000 

10,301,300+ 

29,500 
64,900 

6,331,000 
6,659,700 

10,000,000+ 
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Table 64 (Continued) 

Fatigue Data for the Ti-6Al-2Sn-4Zr-2Mo Alloy Sheet*' b' °' d 

Specimen 
No. _ 

2A-185L 
2A-177L 
2A-180L 
2A-184L 
2A-186L 

2A-183L 
2A-179L 
2A-181L 
2A-190L 
2A-182L 

Temp, 

800 
800 
800 
800 
800 

300 
800 
800 
800 
800 

K+ 

0.67 
0.67 
0.67 
0.67 
0.67 

0.98 
0.98 
0.98 
0.98 
0.98 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

Max 
Stress 

ksi 

45.0 
45.0 
44.0 
42.5 
40.0 

40.0 
38.0 
38.0 
37.0 
35.0 

a 
b 
c 
d 
e 

Mean 
Stress, 

ksi 

27.0 
27.0 
26.3 
25.5 
24.0 

20.2 
19.2 
19.2 
18.7 
17.6 

Cycles to 
Fracturee 

22,100 
34,200 
31,600 

8,016,700 
11,339,700+ 

93, 700 
45,000 

410, 900 
131,000 

10,000,000+ 

Heat No.:  V-3016. 
Thickness:   40 mils. 

Heat treatment:   1650° F, 1/2 or, A.C.  + 1450° F, 1/4 hr, A.C. 
All specimens from longitudinal orientation. 
Plus (+) denotes that test was discontinued. 
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Table 65 

Data for Calculation of the Stress Intensity Factor for Sheet Alloys 

NOTICE 

Gross yielding occurred in tests at 400 and 70° F. and to some PV- 
tent at -110  F , such that the true fracture toughness is not reDre- 
sented by data given in this table. 

5    Specimen       Temp., Gross      PJ„,   .. a 

.              ^dev-lin 
Area               ib 

9 b 
A Number            ■ p <*a0 

In. 

.2738 

.2605 

.2805 

tr Knc   
lü*  DSl'    1/irT 

«T        ,C net 
ks: 

91.4 
103.5 
102. 2 

anet 

5A-377L               70 
5A-376L               70 
5A-378L               70 

.0382        2540 

. 0383        2940 

. 0385        2840 

4.74 
5.32 
5.34 

0.8 
0.9 
0.9 

u 

5A-379T               70 
5A-381T              70 
5A-380T              70 

. 0355        2390 
. 0366        2740 
. 0354        2330 

.2799 

.2906 

.2321 

4.86 
5.54 
4.29 

93.4 
105.4 
85.7 

0.8 
0.9 
0.7 

N 
Iß 

i c 
03 
i 

5A-381L             400 
5A-380L             400 
5A-384L            400 

. 0381        2130 

. 0383        1830 
. 0375        1830 

.2553 

.2867 

.2661 

3.84 
3.51 
3.42 

75.0 
66.8 
66.3 

1.0 
0.8 
0.8 

< 

h 

5A-382T            400 
5A-385T            400 
5A-384T            400 

. 0369        1830 

. 0378        1830 

. 0396        2140 

.2623 

.2611 

.2804 

3.46 
3.33 
3.92 

67.0 
65.4 
75.1 

0.9 
0.8 
1.0 

5A-383L           -HO 
5A-382L           -HO 
5A-379L          -HO 

. 0374        3050 

. 0379        3050 

.0389        3250 

.3000 

.3020 

.2963 

6.14 
6.08 
6.24 

- 

5A-388T          -HO 
5A-383T           -HO 
5A-386T           -HO 

.0375        3340 

. 0397        3340 

. 0380        2640 

.2875 

. 338^ 

.3402 

6.54 
6.03 
5.63 

- :       1 
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Table 65 (Cont'd) 

0 
«—t 
•-4 

Specimen Temp., Gross P            
a 

^dev-lin 2*0 
K      b a      c 

net CT net <_ Number 

1A-375L 

0 F Area 

.0350 

lb In. 

.2737 

«4      nC 

lv  psi gin". 

5.82 

ksi 

112.2 

Ftv 

70 2860 0.8 
0.8 
0.8 

1A-378L 70 .0351 2850 .2648 5.69 110.0 1A-376L 70 .0356 2900 .2601 5.35 109! 8 

> 
1A-382T 70 .0359 2790 .2577 5.36 104 5 0.8 

0.8 
0.8 

1A-379T 70 .0353 2740 .2774 5.58 
-*■ v~,   %J 

107 0 
O s 

1A-381T 70 .0359 3040 .2596 5.87 114.3 

1A-382L 400 .0S69 2440 .2800 4.77 91  7 0.9 
0.8 
0.8 

SI 
to 

1A-381L 400 0362 2030 .2773 4.03 88. 9 
i e 1A-384L 400 .0365 2340 .2*02 4.55 87." 6 

3 
—i 

1A-385T 400 .0376 2440 .2882 4.77 91.0 0.9 
0 9 

< 1A-387T 400 .0373 2650 .2564 4.90 95.3 
1A-386T 400 .0376 2340 .2505 4.23 83.0 0.8 

1A-379L -110 .0370 3050 .3559 6.89 
1A-380L -110 .0374 3050 .2916 6.04 
1A-377L -110 .0343 3240 .2588 6.53 - - 

1A-383T -110 .0374 3050 .2607 5.66 
1 

1A-388T -110 .0370 2540 .2911 5.07 
1A-380T -110 .0358 2540 .2758 5.09 - - 

2A-376L 70 .0406 ?600 .2413 5.90 116.5 0.8 2A-377L 70 .0407 3350 .2660 5.78 112.0 0 8 
o s 
1 

2A-378L 70 .0404 3450 .2711 6.06 116.9 0.8 

2A-382T 70 .0411 3240 .3220 6.20 116.1 0.8 
0.6 
0.8 

u 2A-379T 70 .0409 2540 .3151 4.82 9Q. 4 
i 2A-380T 70 .0410 3460 .249J 5.72 112! 3 

to 
CM 

1 
2A-384L 400 .0412 3050 .2495 5.02 98 4 0.9 

0.9 
0.8 

i—* 2A-383L 400 .0410 2850 ,2958 5.19 98.6 CD 
I 

•p-i 

H 

2A-380L 400 .0400 2540 .2560 4.38 8ö! 2 

2A-393T 400 .0413 2540 .2590 4.26 82.7 0 8 2A-394T 400 .0408 2340 .2769 4.13 79.0 0. 8 2A-391T 400 .0413 2410 .2614 4.07 78.7 0^8 
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Table 65    (Cont'd) 

0 
1-1 Specimen 

Number 

2A-379L 

Temp., 
°F 

Gross 
Area 

.0408 

^dev-Hn 
lb 

2a0 
In. 

.2710 

K     1 „ Knc 
104 psi 

6.19 

3 net 
ksi 

° net 
< Fty 
o s 
1 -110 3560 
u 2A-381L -110 .0417 3560 .2763 6.12 _ — 

i 
2A-382L -110 .0418 3870 .2806 6.70 - - 

73 
CM 2A-381T -110 .0411 3560 .2856 6.34 _ — 
i—i 

< 2A-395T 110 .0404 3450 .2850 6.25 _ — 

I 
2A-392T -110 .0416 3260 .3254 6.19 — - 

H 

a   Load at deviation in linearity in compliance-gage-output vs load curve. 
b   Stress intensity factor reported as Knc, rather than Kjc, because pop-in was not 

observed and calculations were based on load at deviation from linearity. 
c   Calculated from load at deviation from linearity. 
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Table 67 

Average Tensile Properties of the Ti-5Al-5Sn-5Zr Alloy 
Sheet after Dry-Salt Stress Corrosion at Different Stress- 
es, Temperatures, and Times3' b 

Exr'»sure Conditions 
Temp,    Time,      Stress, 
°F hr       % of Fty 

- Unexposed 

600 
600 

10 
10 

60 
80 

Room-Temperature Tensile 
Properties After Exposure 

Fjy,  ksi       Ffaj, ksi        e,  % 

116.6 

116.8 
112.8 

128.5 

126.1 
125.9 

14 

16 
14 

600 
600 

600 

100 
100 

1000 

40 
60 

40 

116.3 
118.4 

110.3 

10fi   * 

128.1 

117.5 

14 
•4 

700 
700 

10 
10 

60 
«0 

109.3 
109.6 

121.0 
121.0 

700 
700 

100 
100 

40 
60 

108.0 
110.6 

111.6 
118.3 

2 
6 

700 

800 
800 

800 
800 

900 
900 

1000 

10 
10 

100 
100 

10 
10 

40 

60 
80 

40 
60 

60 
80 

74.0 76.8 1 

104.6 114.1 4 
108.0C 103.8° 2 

-d 71.8 0 
Failed during stress-corrosion exposure 

94.7 
94 4C 

78.2 
84.9C 

0 
0 

900 
900 

100 
100 

40 
60 

Failed during stress-corrosion exposure 
Failed during stress-corrosion exposure 

a  40 mil sheet.   Heat No. D-8060. 
b  Heat treatment:   1650° F, 1/2 hr, A.C. 
c   Tht reported value for F^y if high relative to Ftu because one of the dupli- 

cate specimens fractured before the 0.2% offset.   Value shown for F^ is 
for one specimen whereas reported F|U is average for duplicate tests. 

d  0>ne specimen fractured during stress-corrosion exposure.    The duplicate 
specimen fractured in the tensile test after exposure before 0.2% offset. 
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Table 88 

Average Tensile Properties of the Ti-5Al-5Sn-5Zr-lMo-lV 
Alloy Sheet After Dry-Salt Stress Corrosion Exposure at 

Different Stresses, Temperatures, and Times3' b 

Exposure Conditions Roam-Temperature Tensile 
Temp,     Time,    Stress, Properties After Exposure 
*F           hr      %of Fty Ffy, ksi      Ftu, ksi        e, % 

- Unexposed - 

500 
500 

10 
10 

60 
80 

500 
500 

100 
100 

40 
60 

500 1000 40 

600 
600 

10 
10 

60 
CO 

G00 
600 

100 
100 

40 
60 

600 1000 40 

700 
700 

10 
10 

60 
80 

700 
700 

100 
100 

40 
60 

800 
800 

10 
10 

60 
80 

800 
300 

100 
100 

40 
6C 

136.8 146.8 11 

131.0 
126.0 

152.4 
151.0 

10 
10 

143.3 
134.6 

159.0 
159.5 

10 
10 

141.0 159.5 s 
132.2 
126.8 

155.0 
156.8 

10 
10 

142.8 
142.2 

157.7 
161.8 

10 
8 

c 
84.7 0 

132.0 
127.1 

158.5 
155.5 

9 
3 

146.0 
139. 5d 

168.2 
127.3d 

8 
4 

139. 6d 

135.5d 
132.5^ 
142.4d 

0.5 
1 

_c 

134. 9 
110.0 
154.1 

1 
2 

a  40 mil sheet, HeatV-2957 
b  Heat treatment:   1550° F, 1/2 hr, A.C.   + 1400° F, 1/4 hr, A.C. 
c   Fract- red before the 0.2% offset 
d The reported value for F^y if high relative to Ftu because one of 

the duplicates fractured before the 0. 2% offset. Value shown for 
Fjy is for one specimen whereas reported F^ U average for du- 
plicate tests. 
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Table 89 

Average Tensile Properties of the Ti-8Ai-2Sn-4Zr-2Mo 
Alloy Sheet after Dry-Salt Stress Corrosion Exposure at 
Different Stresses, Temperatures, and Timesa' 

Exposure Conditions 
Temp,     Time*    Stress, 

* F            hr      % of Ftv 

Room-Temperature Tensile 
Properties After Exposure 

Fty, ksi       Ftu, ksi         e,   % 

- Unexposed - 142.2 147.7 12 

500 
500 

10 
10 

60 
80 

138.0 
133.5 

149.2 
149.8 

12 
12 

500 
500 

100 
100 

40 
60 

149.1 
139.6 

155.0 
151.6 

12 
12 

500 1000 40 144.8 154.8 13 

600 
600 

10 
10 

60 
80 

138.0 
131.2 

153.0 
155.4 

11 
6 

600 
600 

100 
100 

40 
60 

141.8 
136.8 

152.4 
153.4 

10 
6 

600 1000 40 c 94.7 0 

700 
700 

10 
10 

60 
80 

132.2 
128.4 

154.4 
152. 5 

7 
6 

700 
700 

100 
100 

40 
60 

144.2 
138.3 

157.8 
156.9 

8 
4 

800 
800 

10 
10 

60 
80 

135.2 
127.0 

147.9 
130.1 

3 
1 

800 
800 

100 
100 

40 
80 

138.7 
 d 

148.2 
117.5 

4 
0 

a  40 mil sheet. Heat No. V-3016 
b Heat treatment   1650° F, 1/2 hr, A.C. + 1450° F, 1/4 hr, A.C. 
e   Fractured before 0.2% offset. 
d  One specimen fractured during stress-corrosion exposure.    The 

duplicate specimen fractured in the tensile test after exposure be- 
fore 0.2% offset. 
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Taole 70 

Tensile Properties of Ti-5Al-5Sn-5Zr Alloy Bar from 
Heat No.  D-8060 at Different Temperatures3, 

Specimen 
No. 

5A-1 
5A-8 
5A-12 
5A-15 
5A-18 
5A-23 
5A-25 
5A-40 
5A-43 
5A-56 

5A-2 
5A-14 
5A-17 
5A-26 
5A-32 
5A-34 
5A-37 
5A-41 
5A-48 
5A-53 

5A-3 
5A-7 
5A-9 
5A-13 
5A-19 
5A-28 
5A-33 
5A-42 
5A-47 
5A-52 

5A-4 
5A-16 
5A-21 
5A-24 
5A-27 
5A-31 
5A-35 
5A-44 
5A-49 
5A-55 

Temp., 
°F 

75 
75 
75 
75 
75 
75 
75 
75 
75 
75 

400 
400 
400 
400 
400 
400 
400 
400 
400 
400 

600 
600 
600 
600 
600 
600 
600 
600 
600 
600 

800 
800 
800 
800 
800 
800 
800 
800 
800 
800 

Fty 
ksi 

122.1 
124.2 
122.0 
121.7 
121.8 
121.0 
122.0 
122.0 
122.1 
120.8 

80.7 
81.0 
81.0 
79.0 
80.0 
81.0 
80.0 
81.0 
81.0 
80.0 

68.4 
71.5 
67.8 
68 
67 
65 
66 
66. 
67.2 
68.7 

63.3 
61.7 
60.0 
57.5 
60.8 
59.4 
60.8 
56.8 
58.8 
59.3 

Ftu 

ksi 

132.1 
133.2 
130.0 
130.0 
129.5 
129.0 
129.2 
130.0 
129.8 
128.5 

95.9 
95.5 
94.0 
94.1 
94.1 
95.3 
95.0 
9b. 5 
95.0 
93.2 

86.1 
88.0 
86.8 
87.2 
85.1 
85.6 
85.9 
86.2 
86.3 
84.9 

80.7 
81.3 
78.8 
80.0 
80.3 
79.7 
80.3 
80.5 
79.5 
78.4 

e 
%_ 

16 
15 
17 
15 
16 
17 
17 
:L7 

J.5 
15 

18 
19 
20 
21 
20 
20 
24 
21 
20 
22 

17 
18 
21 
20 
23 
23 
23 
22 
22 
22 

26 
27 
29 
29 
30 
20 
29 
26 
29 
30 
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HFpsi 

17.1 
16.8 
15.9 
15.9 
16.7 
lo. ö 
16.1 
17.5 
16.0 
16.3 

15.0 
15.4 
16.9 
13.9 
16.6 
15.1 
15.1 
14.6 
16.1 
15.5 

17.4 
14.2 
14.0 
13.0 
17.5 
13.8 
14.9 
12.6 
14.2 
14.7 

13.2 
1.3.7 
13.2 
14.0 
13.3 
13.8 
12.0 
12.0 
14.2 
14.0 



Ttble 70    (Continued) 

Specimen Temp., Fty Ftu e R. A. «Et 
No. °F ksi 

58.8 

ksi 

75.9 24 

% 

49 

106 psi 

5A-10 1000 11.4 
5A-11 1000 60.4 76.5 23 49 11.9 
5A-20 1000 57.9 75.5 23 54 12.4 
5A-30 1000 58.3 75.7 23 51 12.4 
5A-36 1000 57.8 75.3 23 51 12.0 
5A-39 1000 58.8 76.3 24 51 12.4 
5A-45 1000 58.5 76.9 21 52 11.5 
5A-46 1000 59.2 76.5 22 51 11.4 
5A-50 1000 57.2 75.1 24 51 12.5 
5A-51 1000 54.3 74.4 21 53 10.6 

a 
.  Section size: 1/2 in. x 1- -1/8 in. 

Heat treatment:   1650° F, 2 hr, A. C. 
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Table 71 

Tensile Properties of Ti-5Al-5Sn-5Zr Alloy Bar from 
Heat No. D-1793 at Different Temperatures3'b 

Specimen Temp 
No.  j_K_ 

5B-1 75 
5B-8 75 
5B-11 75 
5B-16 75 
5B-24 75 
5B-27 75 
5B-35 75 
5B-42 75 
5B-48 75 
5B-51 75 

5B-2 400 
5B-5 400 
5B-14 400 
5B-17 400 
5B-28 400 
5B-32 400 
5B-39 400 
5B-43 400 
5B-47 400 
5B-54 400 

5B-3 600 
5B-10 600 
5B-13 600 
5B-20 600 
5B-23 600 
5B-30 600 
5B-31 600 
ÜB-33 600 
5B-45 600 
5B-52 600 

5B-4 830 
5B-7 800 
5B-18 800 
5B-19 800 
5B-29 800 
5B-34 800 
5B-41 800 
5B-46 800 
5B-49 800 
5B-53 800 

Fty Ftu e R. A. Et 
ksi ksi %_ % lCpsi 

113.0 120.0 18 40 16.4 
118.0 123.0 17 38 16.5 
116.0 122.0 17 40 16.8 
116.0 123.0 19 39 16.4 
117.0 122.0 19 40 16.7 ' 
116.0 123.0 16 40 16.8 
117.0 123.0 16 41 16.6 
117.0 123.0 16 41 16.4 
118.0 124.0 16 41 16.5 
117.0 124.0 17 41 16.9 

82.0 95.8 22 <7 13.8 
81.8 95.7 21 45 16.6 
81.1 95.0 21 46 16.6 
80.6 95.5 21 45 15.2 
80.9 95.4 21 46 17.2 
80.9 95.7 22 46 16.7 
81.0 95.0 21 45 15.8 
81.8 96.2 21 46 17.1 
81.7 95.7 22 45 19.3 
81.3 95.6 21 47 19.0 

67.3 87.4 23 49 13.9 
67.6 88.1 23 49 16.9 
68.5 88.5 23 48 14.5 
68.5 88.3 23 48 15.6 
67.7 87.8 23 49 13.8 
67.7 81.9 23 49 .1.3.8 
67.7 87.9 24 50 14.8 
67.2 87.1 23 49 14.3 
66.6 86.7 24 50 14.5 
67.7 87.9 24 *50 13.2 

61.7 82.2 28 51 14.8 
61.8 81.7 27 53 13.8 
61.6 81.3 28 52 13.5 
61.7 81.8 27 53 15.0 
61.3 81.3 28 51 142 
61.8 81.4 27 53 13.8 
60.8 .80.8 27 52. 13.8 
61.6 81.3 27 52 13.6 
61.7 80.5 27 52 17.1 
62.1 82.0 27 53 15.4 
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Tab/*? 71 (Continued) 

Specimen Temp., Fty Ftu e R. A. Et 
No. °F kei 

59.3 

ksi 

77.8 

%_ 

22 

% 

52 

10" psi 

5B-6 1000 11.7 
5B-9 1000 59.8 77.0 23 54 13.0 
5B-12 1000 60.0 77.4 22 53 12.9 
5B-15 1000 60.2 78.4- 22 53 11.6 
5B-21 1000 59.2 77.8 23 52 10.4 
5B-22 1000 59.3 77.8 23 51 11.1 
5B-25 1000 60.2 77.7 23 5b 11.5 
5B-26 1000 60.2 78.0 24 52 13.4 
5B-33 1000 59.9 77.8 23 53 12.8 
5B-50 1000 60.5 77.7 22 52 12.4 

Section size:   1/2 in. x 1-1/8 in. 
Heat treatment:   1650°F, 2 hr, A. C. 

292 



Table 72 

Tensile Properties of Ti-679 Alloy Bar from Heat No. D-7274 
of   T"\i fforanf   Tamnorofn r*aa e     * at Different Temperatures 

Specimen Temp,, Fty Ftu e R. A. Et a 

No. °F ksi 

140.0 

ksi 

150,0 

%_ 

15 

%   . 

44 

106 psi 

9A-1 75 15.3 
9A-5 75 134.0 149.0 14 44 15.2 
9A-9 75 138.0 149.0 15 45 15.6 
9A-41 75 138.0 146.0 15 46 lb. 1 
9A-55 75 140.0 149.0 14 44 15. Ü 
9A-107 75 140.0 150.0 14 45 15.0 
9A-115 75 137.0 146.0 15 39 15.3 
9A-121 75 137.0 146.0 14 41 14.6 
9A-129 75 142.0 151.0 14 40 15.6 
9A-133 75 140.0 150.0 14 41 15.6 

9A-13 400 103,0 124.0 IS 49 14.4 
9A-17 400 102.0 124.0 17 50 15.6 
9A-59 400 103.0 124.0 15 50 14.4 
9A-63 400 102.0 122.0 25 45 14.5 
9A-108 400 100.0 121.0 17 51 13.6 
9A-113 400 100.0 122.0 16 51 12.9 
9A-116 400 96.8 118.0 1? 48 14.8, 
9A-122 400 96.3 118.0 1.6 47 15.0 
9A-130 400 99.0 120.0 14 48 15.6 
9A-134 400 101.0 122.0 14 49 15.1 

9A-29 600 88.7 115.0 U 46 13,0 
9A-33 600 90.8 114.0 13 51 13.8 
9A-53 600 90.1 114.0 15 51 14.4 
9A-67 600 90.9 116.0 A 48 13.3 
9A-71 600 90.5 115.0 13 50 14.4 
9A-109 600 91.0 116,0 lo -D 12.7 
9A-117 600 87.5 112.0 14 47 14.2 
9A-123 600 87.8 112.0 14 44 13.1 
9A-131 600 92.6 116.0 1Z 46 14.3 
9A-135 600 88.0 111.0 u 50 lb. 8 

9A-21 800 82.1 110.0 16 ,ö 13.6 
9A-25 800 84.0 110.0 14 51 13.1 
9A-75 800 85.6 110.0 Ifi 49 12.8 
9A-79 800 82.5 110.0 14 59 13.3 
9A-83 800 84,9 110.0 15 51 13.6 
9A-U0 800 80.1 108.0 17 52 12.7 
9A-118 800 82.5 106.0 15 49 13.0 
9A-124 800 81.0 106.0 16 45 13.3 
PA-132 800 84.7 110.0 >0 47 13.8 
9A-136 800 83.5 108.0 16 51 13.3 
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Table 72 (Continued) 

Specimen 
No. 

9A-37 
9A-45 
9.A-87 
9A-91 
9A-H1 
9A-112 
9A-119 
9A-125 
9A-126 
9A-127 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

Pty 
ksi 

78.2 
78.5 
79.1 
79.5 
80.0 
75.6 
76.1 
76.0 
73.7 
77.6 

Ftu 
ksi 

99.5 
101.0 
101.0 
101. 0 
103.0 
99.5 
97.9 
99.1 
96.2 
98.6 

e 
%_ 

17 
19 
18 
17 
17 
17 
17 
17 
17 
17 

R. A. fit 
%_ 106 psi 

61 13.0 
62 13.3 
61 12.8 
I) 11.8 
55 11.8 
57 11.0 
54 11.9 
51 12.2 
53 12.5 
52 12.6 

b Section size:   1/2 in.  x 1-1/8 in 

Heat treatment:   I650°F, 2 hr, A. C. + 930°F< 24 hr. A.  C 
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Table 73 

Tensile Properties of Ti-679 Alloy Bar from Heat No. D-8427 
at Different Temperatures3, ° 

Specimen Temp., Fty Ftu e R. A. Et No. °F ksi ksi JL % 108nc3i IV     Pbl 

9B-1 75 133.0 145.0 13 38 15.1 9B-8 75 132.0 142.5 12 40 15.5 9B-11 75 132.0 143.2 12 43. 15.4 9B-16 75 131.3 143.0 12 44 15.4 9B-24 75 128.0 140.7 13 44 15.2 
9B-27 75 129.5 141.0 12 46 15.2 9B-35 75 130.5 142.0 12 45 15.2 9B-42 75 131.5 143.5 12 42 15.4 9B-48 75 128.4 142.5 12 42 15.3 9B-51 75 134.0 145.5 12 40 15.2 

9B-2 400 99.2 119.0 14 50 14.6 9B-5 400 91.8 118.0 15 46 14.4 9B-14 400 96.9 116. C 14 50 13.8 9B-17 400 93.0 117.0 13 46 13.9 9B-28 400 95.2 114.0 14 51 13.4 9B-32 400 96.2 115.0 14 50 15.3 
9B-39 400 96.2 116.0 13 50 14.1 9B-43 400 95.2 116.0 14 52 13.9 9B-47 400 99.6 119.0 13 46 13.4 
9B-54 400 97.2 117.0 14 46 14.0 

9B-3 600 86.8 110.0 13 41 14.2 9B-10 600 88.8 111.0 12 46 14.6 9B-13 600 88.8 108.0 13 49 14.6 9B-20 600 84.9 108.0 13 49 13.7 9B-23 600 85.0 107.0 13 48 13.6 9B-30 600 81.6 106.0 13 52 13.2 9B-31 600 83.9 106.0 14 52 14.4 9B-38 600 85.0 108.0 14 48 14.1 9B-45 600 86.5 110.0 13 48 13.3 9B 52 600 85.7 109.0 13 49 13.3 

9B-4 800 84.6 106.0 13 47 12.9 9B-7 800 83.4   , 107.0 14 44 13.0 9B-18 800 82.3 105.0 14 51 13.0 
9B-19 800 80.0 103.0 15 53 12.3 
OB-29 800 80.3 103.0 17 53 12.9 9B-34 800 79.9 103.0 15 56 13.2 9B-41 800 80.1 104.0 15 52 13.4 
9B-46 800 78.3 102.5 14 50 13.2 
9B-49 800 82.5 106.0 13 50 13.7 9B-53 800 84.0 107.0 13 47 13.2 
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Table 73 (Continued) 

Specimen Temp., r:y Ftu e R. A. Et 
No. °F ksi 

77.5 

ksi 

99.0 

%_ 

14 

% 106 psi 

12.6 9B-6 1000 51 
9B-9 100Ö 74.4 98.0 15 51 13.0 
9B-12 1000 75.2 98.7 16 55 12.9 
9B-15 1000 74.3 97.5 16 55 12.3 
9B-21 1000 73.0 95.8 16 57 13.4 
9B-22 1000 71.7 95.6 16 57 12.8 
9B-25 1000 74.8 96.5 15 53 12.1 
9B-26 1000 74.8 97.2 15 50 10.4 
9B-33 1000 73.9 96.7 16 55 10.9 
9B-50 1000 70.8 97.2 16 59 12.3 

Section size: 1/2 in. x 1-1/8 in. 
DHeat treatment:   165C >°F, 2 hi\ A. C. + 930°F. 2' 4 hr.  A. r. 
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Table 74 

a, b, c Notched Tensile Properties of the Bar Alloys 

< Specimen No. 

5A-29 
5A-114 

5A-38 
5A-102 

5A-6 
5A-22 

J 

Temp,, 9F 

70 
70 

400 
400 

800 
800 

Notched 
Tens. Str., ksi 

200.0 
197.9 

137.6 
143.7 

115.3 
116.0 

as 

I 

a 
b 

9A-95 
9A-128 

9A-99 
9A-120 

9A-4? 
9A-48 

70 
70 

400 
400 

800 
800 

219.8 
217.6 

178.6 
172.6 

162.0 
167.' 

Section size:   1/2 in. x 1-1/8 in. 
Heat treatment: 

Ti-679, 1650° F, 2 hr, A.C. + 930° F, 24 hr, A.C. 
Ti-5Al-5Sn-5Zr, 1650° P; 2 hr, A.C. 

Notched 45° , 0. 010 in. radius, 0.187 minimum diameter 
to produce Kf = 3 
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Table 75 

Compression Properties of Ti-5Al-5Sn-5Zr 
Alloy Bar at Different Temperatures01 °»c 

Temp.,        Specimen Fcy Ec 
a F               Number ksi IG6 psi 

70            5A-244 128.5 
70            5A-243 121.5 
70            5A-236 129.1 
V0            5A-225 128.3 
70            5A-245 127.0 

400            5A-227 90.4 
400            5A-247 86.0 
400            5A-238 83.6 
400            5A-229 86.3 
400            5A-220 88.2 

600            5A-231 71.7 
600            5A-222 77.7 
600            5A-242 72.8 
600 5A-233 70.7 
600 5A-224 74.7 

800 5A-235 63.5 
800 5A-226 69.5 
800 5A-246 65.1 
800 5A-237 64.6 
800 5A-228 61.3 

1000 5A-239 63.6 
1000 5A-230 62.3        **,« 
100Ü 5A-221 68.6        12.1 
1000 5A-241 64,3 
1000 5A- 232 62.7 

15.6 
15.3 
15.3 
14.9 
15.7 

14.0 
14.2 
14.1 
14.2 
14.5 

13.2 
13.6 
13.2 
13.4 
12.9 

12.3 
12.3 
12.9 
12.7 
12t7 

11.8 
11,8 

11.2 
12.1 

a      Heat No. D-8060. 
b     Section size:   1-1/8 in. x 1/2 in. 

Heat treatment:   1650° F, 2 hr, A.C. c 
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Table 76 

"Cerent Temperatures3'b*" 
Toe^P- •        Specimen 

9A-228 
9A-211 
9A-217 
9A-223 
9A-229 

To    ?A-206 

400 9A"212 

Inn 9A~218 
4M 9A~224 
400 9A-230 

600 9A-207 

son 9A~213 

600 9A"219 

60? 9A~225 600 9A-231 

880°0° 9A"208 

800     9A"214 
®*     9A-220 

800     9A"226 810     9A-232 

1000     9A-209 

1000 
1000 
1000 

9A-215 
9A-22I 
9A-227 
SA-233 

a 
b Heat No. D-7274. 

Section size-   J /9 ,■ 
«eat .reatoem/'eVp "V8 to- + M0-P. 24 hn   I6? F' 2l>r, A.c. 
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Table 79 

Rockwell C Hardness of Bar Alloys After Expo- 
sure at Different Temperatures and Times 

Re Hardness .Exposure 
Temp., ° F 

Exposure 
Time, hr 

RT — 

600 1000 

800 
800 

100 
1000 

1000 
1000 
1000 

10 
100 

1000 

1100 10 

1150 10 

1200 10 

Ti-5Al-5Sn-5Zra'b 

31.5 

31.0 

31.6 
32.5 

31,1 
32.5 
32.0 

30.4 

32.5 

31.6 

Ti-679 

35.6 

36.3 

38.5 
36.4 

37.3 
37.2 
36.8 

36.9 

37.0 

35.7 

fiTG 

a   Section size:   1/2 in. x 1-1/8 in. 
b   Heat treatments: 

Ti-5Al-5Sn-5Zr bar, 1650° F, 2 hr, A.C. 
Ti-679, 1650° F, 2 hr, A.C. + 930° F, 24 hr, A.C. 
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Table 80 

Tensile Properties of the Ti-5Al-5Sn-5Zr Alloy Bar at 
Room Temperature and at the Exposure Temperature 
after Different Thermal Exposures a»D» c 

Exposure Conditions 
Time 
Hr 

Ftv, Icsi 
Temp. 
■F 70 

122.0 

600 
Test Temperature,   " F 
800         1000        1100 1150 1200 

70 

600 
600 

0.25 
1000 121.9 

67.8 
69.4 

800 
800 
800 

0.25 
100 

1000 
124.4 
128.9 

- 59.8 
62.1 
65.2 

1000 
1000 
1000 
1000 

0.25 
10 

100 
1000 

125.0 
128.0 
128.0 

- - 

58.1 
59.0 
59.9 
60.0 

1100 
1150 
1200 

10 
11 
10 

122.8 
122.5 
123.4 

- - 
- 

56.2 
55.3 

50.3 

Exposure Conditions 
Time 
Hr 

Ftal< ksi 
Temp. 
°F 70 

130.1 

600 
Test Temperature 
800         1000 

,   "F 
1100 1150 1200 

70 

600 
600 

0.25 
1000 129.3 

88.2 
89.0 

800 
800 
800 

0.25 
100 

1000 
131.6 
133.9 

- 79.9 
80.5 
83.6 

1000 
1000 
1000 
1000 

0.25 
10 

100 
1000 

131.0 
134.5 
135.0 

- - 
75.8 
75.6 
76.4 
78.6 

1100 
1150 
1200 

10 
10 
10 

130.8 
130.2 
131.6 

■• - - 
76.8 

75.8 
69.6 
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Table 80 (Cont'd) 

Tensile Properties of the Ti-5Al-5Sn-5Zr Alloy Bar at 
Room Temperature and at the Exposure Temperature 
after Different Thermal Exposures a>»« c 

Exposure Conditions 
Temp. Time 
•F Hr 

70 

600 

800 
800 
800 

1000 
1000 
1000 
1000 

1100 
1150 
1200 

Test Temperature,     F 
70 600 800 1000       1100 1150 1200 

- 16 

0.25 _ 21 
1000 17 22 

0.25 _ .. 28 
100 16 - 28 

1000 12 - 27 

0.25 _ _ _ 23 
10 14 - - 22 

100 12 - - 21 
1000 12 - - 22 

10 16 _ . . 

10 16 - - - 
10 16 - - 

21 
29 

39 

Exposure Conditions 
Time 
Hr 

R.A., % 
Temp. 
°F 0 600 

Test Temperature, ° F 
800   1000   1100 1150 1200 

39 - 39 

600 
800 

0.25 
100C 42 

47 
43 

800 
800 
800 

0.25 
100 

1000 
41 
20 

- 51 
32 
49 

1000 
1000 
1000 
1000 

0.25 
10 

100 
1000 

37 
32 
31 

- 
- 

51 
52 
49 
49 

1100 
1150 
1200 

10 
10 
10 

38 
38 
40 

™ 

- 
; 

50 
48 

45 

a. Heat treatment:   1650° F, 2 hr, A. C. 
b. Section:   1/2 in. x 1-1/8 in. 
c. Results are averages of duplicate tests except those for single specimens exposed 

and tested at 1100, 1150, and 1200° F. 
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Table 81 
i 

Tensile Properties of the Ti-679 Alloy Bar at Room 
Temperature and at the Exposure Temperature after 
Different Thermal Exposures8«b» c 

Exposure Conditions 
Time 

Hr 

Ffcr,  ksi 
Temp. 
•P 70 

138.6 

600 

89.8 

Test Temperature,   " F 
SO0         1000        1100 1150       1200 

70 

600 
600 

0.25 
1000 139.1 

89.8 
94.1 

- 

800 
800 
800 

0.25 
100 

1000 
137.0 
141.4 

- 83.1 
88.2 
86.9 

1000 
1000 
1000 
1000 

0.25 
10 

100 
1000 

137.5 
138.0 
143.5 

- - 
77.4 
81.6 
80.2 
78.3 

1100 
1150 
1200 

10 
10 
10 

138.1 
137.7 
137.4 

- 
- - 

70.8 
66.2 

59.2 

Exposure Conditions 
Temp. Time 

' F Hr 

70 

litu ksi 

600 
600 

800 
800 
800 

1000 
1000 
1000 
1000 

1100 
1150 
1200 

70 
Test Temperature,  F 

600    800   1000   1100 1150 1200 

- 14G.Ö 

0.25 * 114.1 
1000 149.9 118.0 

0.25 _ _ 108. 8 
100 146.2 - 111. 9 

1000 149.4 - ill. a 

0.25 m _ _ 99.7 
10 147.0 _ - 104.5 

100 149.0 - - 102.5 
1000 149.0 - - 96.6 

10 145.2 « _ _ 
10 144.7 - - - 
10 143.8 - - - 

88.1 
83.1 

73.9 
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Table 81 (Cont'd) 

Tensile Properties of the Ti-679 Alloy Bar at Room 
Temperature and at the Exposure Temperature after 
Different Thermal Exposures8' b' c 

Exposure Conditions 
Time 

e . % 
Temp. test Te mpera ture, " P 

•P Hr 70 

14 

600 800 1000 1100 1150 1200 

7G 

600 0.25 , 14 
600 1000 15 14 

800 0,25 . _ 15 
800 100 16 - 14 
800 1000 14 - 14 

1000 0.25 _ _ „ 17 
1000 10 14 - - 15 
1000 100 14 - - 18 
1000 1000 10 - - 18 

1100 10 11 _ _ _ 22 
1150 10 13 . . - - 27 
1200 10 14 . . . - - 35 

Exposure Conditions 
Time 

R A., % 
Temp. Test Te mperatu; e. 'F 
•p Hr 70 

43 

600 800 1000 1100 1150 1200 

70 

600 0.25 _ 49 
600 1000 44 50 

800 0.25 _ _ 49 
800 100 46 - 50 
800 1000 40 - 51 

1000 0.25 m .. 56 
1000 10 42 . - 57 
1000 100 38 - - 58 
1000 1000 14 - - 50 

1100 10 21 . _ _ 64 
1150 10 33 - - - - 72 
1200 10 30 - - - - - 83 

a. Heat treatment:   1650° F, 2 hr, A.C. + 930° F, 24 hr, A.C. 
b. Section:   1/2 In. x 1-1/8 in. 
c. Results are averages of duplicate tests except those for single specimens 

exposed and tested at 1100, 1150, and 1200* F. 

306 



Table 82 

Spec, Temp. , Stress, 
No. eF ksi 

5A-110 600 75.0 
5A-110/ i     600 90.0 

5A-99 800 59.0 
5A-133 800 70.0 
5A-104 800 70.0 
5A-106 800 70. G 
5A-111 800 75.0 
5A-127 800 75.0 
5A-115 800 77.0 
5A-117 800 80.0 

5A-109 900 50.0 
5A-120 900 50.0 
5A-113 900 55.0 
5A-124 900 60.0 
5A-105 900 60.0 
5A-U6 &00 64.0 
5A-122 900 68.0 
5A-119 900 71.0 
5A-123 900 71.0 
5A-107 900 73.0 

5A-108 1000 18.0 
5A-101 1000 22.0 
5A-130 1000 30.0 
5A-131 1000 30.0 
5A-118 1000 36.0 
5A-126 1000 38.0 
5A-112 1000 41.0 
5A-128 1000 43.0 
5A-125 1000 46.0 
5A-132 1000 55.0 

Creep Data for the Ti-5Al-5Sn-5Zr Alloy Bar3' b' C 

Time to creep deformation, hr Min. Creep x 

0.05%     0. H     0,2%     0.5%     2.0%       Rate,  % hr' 

No creep in 257.1 hr, discontinued. 
Failed on loading. 

60 
23 
20 

5 
6 
1 

350 
195 

d 
29 
15 

5 

d 
d 
d 

695 
70 

270 

d 
d 
d 
d 
d 
d 

Failed on loading. 
Failed on loading 

d 
d 
d 
d 
d 
d 

4.0 x 10"3 

1.7x JO'4 

8.0 x 10"5 

1.0 x 10"4 

1.0 x 10-t 
1.4 x lO"4 

0.1 0. 3     d d d 2.5x 10"5 

70 d d d d 5. Ox 10"5 

3 10 44 d d 2.Px 10 ~4 

- - 17 162 d 1.8 x 10"3 

2 10 48 215 d 1.7 x 10"3 

12 25 33 160 d 3.6x 10"4 

4 10 22 60 430 3. Ox 10"3 

■ - 8 19 83 2.6x 10'2 

■ - 5 30 190 7.5x 10-3 

1 3 16 88 1.5x 10"2 

)id not creeD in 165. 4 hr,  discontinued    - 
13 45' 430 d d 2.0 x 10"4 

20 100 260 d d 2.7 x 10"4 

30 160 d d d 2.2 x 10'4 

9 25 72 210 915 1.9 x 10"3 

5 12 25 95 694 2.2 x 10"3 

8 14 31 95 565 3.2 x IG"3 

1 2 3 25 186 8.5 x 10'3 

1 2 3 16 150 2.8 x I0"3 
— 

- I 3 17 1.4 x 10'2 

a Heat No.  D-8060. 
b Section size:   1-1/3 in. x 1/2 in. 
c Heat treatment:   1650'F, 2 hr, A.C. 
d Denotes that test was discontinued. 

307 



Table 83 

Creep Data for the Ti-679 Alloy Bar3' b' c 

Spec, Temp., Stress Time to creep de formation,  hr Min.  Creep 
No. 0 F ksi 

iio.o 

0.05%     0.1% 

No creep in 128 

0.2% 

.1 hr, 

0.5%    2.0% 

discontinued 

Hate, % hr-1 

9A-40 600 _ 

9A-40A 600 115.0 Failed on loading — 

9A-89 800 70.0 25 215 1000 d d 8.0 x 19-5 

9A-105 800 85.0 5 20 65 d d 1.6x 10-" 
9A-90 800 90.0 5 12 45 630 d 1.4 x 10-4 

9A-85 800 94.0 6 35 650 d 2.0 x IQ'4 

9A-43 800 94.0 2 5 12 d 3.4 x 10-4 

9v-100 800 96.0 5 22 260 d 7.«x 10'4 

bA-52 800 100.0 3 6 40 d 1.1 x 10-3 

9A-104 800 100.0 2 6 35 d 1.4 x 10-3 

9A-93 900 55.0 5 50 ;i0 d d 1.5 x 10"4 

9A-34 900 60.0 - 3 47 d d 2.0 x lO"4 

9A-96 900 60.0 5 50 d d d 8.0 x 10"5 

9A-54 900 65.0 4 10 38 d d 3.2 x lO'4 

9A-45 900 72.0 2 3 16 295 d 7.0 x lO"4 

9A-101 900 74.0 4 12 32 d d 1.6x 10"4 

9A-44 900 77.0 5 10 26 115 d 1.3 x 10"3 

9A-51 900 79.0 1 2 4 64 500 2.4 x 10~3 

9A-42 900 83.0 0.5 1 2 24 452 2.9 x 10"3 

9A-98 900 85.0 0.5 1 2 13 115 1.2 x 10"2 

9A-102 1000 12.0 20 120 275 950 d 3.6x 10"4 

9A-36 1000 16.0 10 30 170 370 d 6.0 x 10'4 

9A-103 1000 20.0 35 145 215 415 d 1.4 x 10'3 

9A-86 1000 25.0 22 50 112 230 887 2.2 x lO"3 

9A-94 1000 29.0 5 15 45 132 585 3.4 x 10'3 

9A-50 1000 33.0 18 35 62 120 380 5.6 x 10-3 

9A-92 1000 38.0 6 17 42 150 323 2.5 x lO-3 

9A-88 1000 40.0 1 4 12 65 268 7.4 x 1&'3 

9A-3I 1000 42.0 3 8 22 90 265 3.0 x 10"3 

9A-32 1C00 42.0 1 2 6 75 286 3.0 x 10'3 

a Heat No. D-7274. 
b Section size:   1-1/8 in. x 1/2 in. 
c Heat treatment:   1850° F, 2 hr, A.C., 930° F, 24 hr, A.C. 
d Denotes that test was discontinued. 
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Table 84 

Impact Strength of Ti-5Al-5Sn-5Zr Alloy at Different Temperatures5' b'c 

Temperature 
70° F 400° F 6006 F 800c F 

Spec.  No. 

5A-206 
5A-210 
5A-214 

Ft-lb 

13.0 
11.0 
10.5 

Spec.  No. 

5A-207 
5A-211 
5A-215 

Ft-lb 

21.0 
22.0 
22.0 

Spec. No. 

5A-208 
5A-212 
5A-216 

Ft-lb 

33.5 
30.5 
28.5 

Spec. No. 

5A-209 
5A-213 
5A-217 

Ft-lb 

44.0 
44.0 
40.0 

a    Heat No. D-8060 
b    Section size:   1-1/8 in. x 1/2 in. 
c    Heat treatment:   1650° F,  2 hr, A.C. 

Table 85 

Impact Strength of Ti-679 Alloy Bar at Different Temperatures0'   >c 

  Temperature 

a    Heat No. D-7274 
b    Section size:   1-1/8 in. x 1/2 in. 
c    Heat treatment:   1650° F, 2 hr, A.C. + 930° F, 24 hr, A.C. 

309 

70° F 4ÖÖ4 F 600° F 8ÖÖ6 F 
Spec. No. Ft-lb Spec. No. Ft-lb Spec. No. Ft-lb Spec. No. Ft-lb 

9A-189 14.5 9A-190 20.5 9A-191 23.0 9A-192 33.0 
9A-193 12.0 9A-194 16.0 9A-195 19.5 9A-196 24.5 
9A-197 16.5 9A-198 14.5 9A-199 30.0 9A-200 37.0 

9A-201 19.5 9A-203 
9A-202 

29.0 
21.0 

9A-204 26.0 



Table  84 

Impact Strength of Ti-5Al-5Sn-5Zr Alloy at Different Temperatures3'   'c 

Temperature 
70° F 400° F 6004 F 8001 F 

Jpec. No. 

5A-206 
5A-210 
5A-214 

Ft-lb 

13.0 
11.0 
10.5 

Spec. No. 

5A-207 
5A-211 
5A-215 

Ft-lb 

21,0 
22.0 
22.0 

Spec. No. 

5A-208 
5A-212 
5A-216 

Ft-lb 

33 5 
30.5 
28.5 

Spec. No. 

5A-209 
5A-213 
5A-217 

Ft-lb 

14.0 
44.0 
40.0 

a    Heat No. D-8060 
b    Section size:   1-1/8 in. x 1/2 in. 
c    Heat treatment:   1650° F, 2 hr, A.C. 

Table 85 

Impact Strength of Ti-679 Alloy Bar at Different Temperatures3' b' c 

      Temperature               
70° F 400° F 600° F 8ÖÜ* F 

Spec. No. Ft-lb Spec. No. Ft-lb Spec. No. Ft-lb Spec. No. Ft-lb 

9A-189 14.5 9A-190 20.5 9A-191 23,0 9A-192 33. 0 
9A-193 12.0 9A-194 16.0 9A-195 19.5 9A-196 24.5 
9A-197 16.5 9A-198 14.5 9A-199 30.0 9A-200 37.0 

9A-201 19.5 9A-203 
yA-202 

29.0 
21.0 

9A-204 26.0 

a    Heat No. D-7274 
b    Section size:   1-1/8 in. x 1/2 in. 
c    Heat treatment:   1650° F, 2 hr, A.C. + 930° F, 24 hr, A.C. 
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Table 86 

Fatigue Data for the Ti~5Al-5Sn-5Zr Alloy Bar 
a, b, c 

Max. Mean 
Specimen Temp., Stress, Stress, Cycles to. 
Number °F A         K 

0.67        ] 

t               ksi 

L           105.9 

ksi Fracture 

5A-147 70 63.4 709,600 
5A-153 70 0.67        J L           100.6 60.2 1„J26,20Q 
5A-159 70 0.07        ) I            95.3 57.0 748,700 
r)A-189 70 0.67        3 L            94.0 56.4 2,043,600 
5A-177 70 0.67        3 I            93.6 56.0 15,833,900+ 
5A-183 70 0.67        3 I            92.3 55.3 14,056,600+ 
5A-171 70 0.67        3 L            91.7 54.9 11,698,300+ 
5A-165 70 0.67        ] 1            88.2 52.8 11,748,100+ 

5A-137 70 oo L             60.0 0 65,900 
5 A-139 70 00 I            50.0 0 110,300 
5A-156 70 oo            3 L            45.0 0 357,80G 
5A-160 70 00 t            45.0 0 1,407,800 
bA-202 70 00 L            40.0 0 11,580,000+ 

5A-164 400 0.67        } 95.0 56.8 15,400 
5A-180 400 0.67        3 i            85.0 50.9 38,900 
5A-175 400 0.67        3 I            85.0 50.9 29,500 
5A-196 400 0.67        3 L            80.0 47.9 53,700 
5A-168 400 0.67        3 I            70.0 40.8 240,000 
5A-192 400 0.67        3 L            60.0 35.9 377,5)00 
5A-172 400 0.67       3 I            55.0 33.0 10,003,000+ 
5A-201 400 0.67       3 L            50.0 29.9 10,023,500+ 

5A-191 400 00 L            50.0 0 79,800 
5A-182 400 oc                 '. L             45.0 0 583,200 
5A-138 400 00 L            40.0 0 345,400 
5A-197 400 00                    ] 40.0 0 170,500 
5A-198 400 00 I             35.0 0 9,569,000 

^A-186 800 0.67       1 I             70.0 40.8 19,400 
5A-183 800 0.67       1 L             65.0 38.9 85,400 
5A-193 800 0.67        3 L            60,0 35.9 261,200 
5A-166 :oo 0.67        3 L            55.0 33.0 2,788,000 
riA-157 800 0.67        3 L            50.0 29.9 13,800,100 

5A-174 800 00 L            50.0 0 10,000 
5A-149 800 00 L            45.0 0 20,500 
5A-199 800 00 L            41.0 0 100 100 
5A-145 800 00 L            38.0 0 8,000,600 
5A-203 800 00 L             38.0 
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Table 86 (Cont'd) 

Fatigue Data for the Ti-5Al-5Sn-5Zr Alloy Bar*' b' C 

Max. Mean Specimen 
Number 

Temp., 
°F A 

0.67 
0.67 
0.67 
0.67 
0.67 

Kt, 

3 
3 
3 
3 
3 

Stress, 
ksi 

40.0 
35.0 
30.0 
30.0 
25.0 

Stress, 
ksi 

23.9 
21.0 
18.0 
18.0 
15.0 

Cycles to 

70 
70 
70 
70 
70 

Fracture 
5A-1V9 
5A-162 
5A-144 
5A-152 
5A-154 

180,200 
213,700 

10,145,100+ 
331,900 

13,019,400+ 
3A-181 
5A-167 
5A-146 

70 
70 
70 

00 

oo 
3 
3 
3 
3 
3 

30.0 
27.0 
25.0 
25.0 
20.00 

0 
0 

49,300 
100,000 

5A-173 
5A-155 

70 
70 

so 
00 

00 

0 
0 
0 

172,000 
269,700 

10,062,600+ 
5A-151 
5 A-200 
5A-185 
5A-150 
5A-194 

400 
400 
400 
400 
400 

0.67 
0.67 
0.67 
0.67 
0.67 

3 
3 
3 
3 
3 

40.0 
37.5 
37.5 
35.0 
30.0 

23.9 
22.4 
22.4 
21.0 
18.0 

213,600 
153,500 
454,900 
415,500 

8,217,ö00+ 
5A-187 
5A-148 
5A-170 
5A-161 
5A-143 

400 
400 
400 
400 
400 

0 

oo 

00 

oo 

oo 

3 
3 
3 
3 
3 

25.0 
22.0 
20.0 
20.0 
15.0 

0 
0 
0 
0 
0 

95,000 
267,000 
393,500 
484,300 

9,220,200+ 
5A-176 
5A-178 
5A-190 
5A-195 
5A-158 

800 
800 
800 
800 
800 

0.67 
0.67 
0.67 
0.67 
0.67 

3 
3 
3 
3 
3 

35.0 
35.0 
30.0 
30.0 
25.0 

21.0 
21.0 
18.0 

18.0 
15,0 

91,000 
158,100 
120,700 

6,201,000 
9,667,cn*0+ 

5A-142 
5A-134 
5A-136 
5A-163 
5A-167 

800 
800 
800 
800 
800 

00 

00 

00 

00 

00 

3 
3 
3 
3 
3 

25.0 
20.0 
20.0 
18.0 
15.0 

0 
0 
0 
0 
0 

66,000 
39,400 

180,200 
539,600 

9,194.0^0- 

a      Heat No. D-8060. 
b      Section size:   1/2 in, x 1-1/8 in. 

Keat treatment:   1650° F, 2 hr, A.C. 
d      Plus (+) denotes that test was discontinued. 

c 
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Table 87 

Fatigue Data for the Ti-679 Alloy Bar 
a, b, 

Max. Mean 

Specimen Temp., Stress, Stress, Cycles to 
d 

Number °F A           K 

0 67          1 

t            ksi ksi Fracture 

9A-148 70 130.6 78.2 45,400 

9A-154 70 C.67          1 127.0 76.1 72,300 

QA-158 70 0.67          1 119.9 71.8 518,200 

9A-164 70 0.67          1 110.8 66.4 74,800 

9A-168 70 0.67          1 109.2 65.4 1,587,800 

9A-174 70 0.67          1 109.2 65.4 1,107,900 

9A-178 70 0.67          1 100.0 59.8 3,506,000 

9A-281 70 0.67          1 100.0 59.8 3,220,500 

9A-165 70 0.67          1 90.0 58.7 12,176,000+ 

9A-279 70 oc                 ] 84.5 0 28,000 

OA-273 70 oo                  ] 82.5 0 34,500 

9A-277 70 oo                  J 82.5 0 39,800 

9A-269 70 00                         ] 75,4 0 57,400 

9A-140 70 oo                  ] 08.4 0 313,700 

9A-156 70 oo 55.0 0 10,029,500+ 

9A-184 400 0.67          1 100.0 60.0 51,400 

9A-149 400 0.67          1 I          95.0 56.9 129,800 

9A-167 400 0.67         : L          90.0 5u. o 1,541,600 

9A-137 400 0.67          1 L          85.0 51,0 8,650,000 

9A-177 400 0.67          ] I          80.0 48.0 10,001,000+ 

9A-268 400 oo                 '. I          60.0 0 46,000 

9A-139 400 00 L           60.0 0 65,000 

9A-162 400 uo                ! L          57.0 0 877,300 

9A-141 400 00 I          55.0 0 5,493,3G0 

9A-184 400 oo I          55.0 0 10,000,000+ 

9A-169 800 0.67 i          85.0 51.0 14,000 

9A-159 800 0.67 I          80.0 48.0 31,200 

9A-181 800 0.67 I          80.0 48.0 635,800 

9A-274 800 0.67 1          75.0 45.0 473,500 

9A-282 800 0.67 1          65.0 38.9 10,207,400 

9A-278 800 00 1          60.0 0 36,100 

9A-172 800 00 1          55.0 0 309,100 

9A-157 800 oo 1          50.0 0 374,600 

9A-153 800 oo 1          45.0 0 6,871,000 

9A-153 800 00 1          40.0 0 10,000,300+ 
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Table 37 (Cont'd) 

Fatigue Data for the Ti-679 Alloy Bara' bj c 

Max. Mean 
Specimen Temp., Stress, Stress, Cycles to 

Fracture Number °F A 

0.67 3 

ksi 

45.0 

ksi 

26.9 9A-271 70 102,600 
9A-161 70 0.67 3 42.5 25.4 1,418,100 
9A-182 70 0.67 42.5 25.4 164.800 
9A-151 70 0.67 3 40.0 23.9 3,057,300 
9A-180 70 0.67 3 35.0 20.0 10,324,300- 

9A-152 70 CC 3 30.0 0 61.000 
9A-183 70 oo 3 25.0 0 166,600 
9A-163 7C oo 3 25.0 0 149,000 
9A-176 70 00 3 23.0 0 544,500 
9A-270 70 00 3 20.0 0 10,000,000+ 

9A-275 400 0.67 3 45.0 26.9 99,500 
9A-185 400 0.67 3 42.5 25.4 147,100 
9A-166 400 0.67 40.0 23.9 80,300 
9A-147 400 0.67 2 40.0 23.9 305,900 
9A-170 400 0.67 3 3P.0 20.9 11,188,700+ 

9A-270 400 cc 3 30.0 0 29,500 
9A-175 400 00 3 30.0 0 90,000 
9A-276 400 00 3 25.0 0 341,700 
9A-146 400 oc 3 20.0 0 652,000 
9A-179 400 oo 3 20.0 0 10,422,700+ 

9A-272 800 0.67 3 45.0 27.0 40,800 
9A-150 800 0.67 3 40.0 23.9 81.400 
9A-160 800 0.67 3 38.0 22.7 44,900 
9A-267 800 0.67 3 38.0 22.7 7,048,600 
9A-155 800 0.67 3 35.0 20.9 12,718,200+ 

9A-171 800 00 3 30.0 0 58,100 
9A-X43 800 OO 3 2„.0 0 88,100 
9A-173 800 uo 3 25.0 0 101., 600 
9A-145 800 00 3 23.0 0 946,000 
9A-280 800 CO 3 20.0 0 10,404,000+ 

a      Heat No . D-7274. 
b      Section 5ize, 1/2 in. x 1-1/8 in. 
c      Heat treatment: 1650° F, 2 hr, A. C. + 930° F, 24 hr, A.C. 
d      Plus (+) denotes 1 hat test was disc xitinued. 
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Table 88 

Data for Calculation of the Stress Intensity Factor for Bar Alloys. 

NOTICE 

< 

u 

in 
i a 

V} 
in 
■—» 

$ 
i 

Specimen 
Number 

5A-249 
5A-248 
5A-250 

5A-253 
5A-254 
5A-251 

5A-255 
5A-252 
5A-256 

Gross yielding occurred in tests at 400 and 70° F, and 
to some extent at -110° F, such that the true fracture 
toughness is not represented by data given in this table. 

Temp., 
°F 

70 
70 
70 

400 
400 
400 

-110 
-110 
-110 

B 
In. 

.252 

.250 

.251 

.248 

.250 

.251 

.249 

.251 

.247 

a 
In. 

.304 

.306 

.305 

w 
In 

317 1.00 
372 1.00 
259 1.00 

298 1.00 
299 1.00 
308 1.00 

1.00 
1.00 
1.00 

Pdev-lin 
lb 

8625 
6100 
9400 

6200 
5900 
5830 

6860 
6950 
6480 

ksi \Jm. 

75.6 
65.7 
66.0 

51.8 
48.6 
47.9 

56,0 
57.2 
53.8 

CT nom 
ksi 

147.3 
130.9 
129.2 

78.4 
£4.6 
96.7 

u nom 

1.2 
1.1 
1.1 

1.0 
1.2 
1.2 

I 

9A-286 
9A-284 
9A-285 

9A-290 
9A-287 
9A-289 

9A-283 
9A-291 
9A-288 

70 
70 
J 

400 
400 
400 

-110 
-110 
-110 

.250 

.251 

.248 

.251 

.251 

.251 

.250 

.250 

.251 

.362 1.00 

.269 1.00 

.376 1. 00 

.293 1. 00 

.305 1.30 

.305 1.00 

.288 1. 00 

.316 1.0Ö 

.291 1.00 

5580 
8940 
5160 

7350 
6520 
6450 

7190 
5550 
6600 

55.4 
62.8 
62.1 

57.7 
53.6 
53.1 

55.8 
47.6 
51.7 

115.1 
126,1 
113.7 

114.9 
106.7 
105. «5 

0.8 
0.9 
0.8 

1,1 
1.1 
1.1 

JiOad at deviation from linearity in compliance-gage-output vs load curve. 
Stress intensity factor reported as Knc, rather than as Kjc, because pop-in was 
not observed and calculation was based on load deviation from linearity. 
CT nom -      P +   3P (W + a -2D) 

B(W-a) " B (W - a)2 
nom 
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Table 95 

The The::7jal Expansion of the Titanium Alloy Ti-5Al-5Sn-5Zr in Sheet Form 
Transverse to the Rolling Direction Using a Ouartz Dilatometer 

Unit Elongation Corrected 
Observed Observed Correction for Specimen 

Total Unit Dilatorr.oter Unit 
Temperature Elongation 

10 _1 in. 
Elongation Motion Elongation 

°F Time 10"' in./in. 10'3 in./in. 10"3in./in. 

Run 1 on 
Specimen 1 

76.0 10:30 0.0 0.00 0.0 0.0 
160 11:00 1.0 0.32 0.03 Q.3Z 
217 11:15 1.9 0.61 0.04 0. W5 
240 11:30 2.2 0.70 0.05          ^ 0.75 
415 12:30 4.7 1.50 0.11 1.61 
600 1:45 7.8 2.43 0.16 2.59 
766 2:35 10.2 3.26 0.21 3.47 
919 3:10 12.4 3.96 0.26 4.22 

1012 4:05 14.0 4.47 0.29 4.76 
1021 4:15 14.1 4.51 0.29 4.80 
1026 4:15 14.1 4.51 0.29 4.80 
930 4:55 12.6 4.03 0.26 4.29 
777 5:15 10.0 3.20 0.22 3.42 
650 5:30 7.6 2.52 0.18 2.70 
570 5:40 6.4 2.04 9.15 2.19 
522 5:48 5.6 1.79 0.14 1.93 
80.7 7:50am -0.8 -0.26 0.0 -0.26 

Note:    Initial length of specimen and end caps   ■ 3.128 in m 
Final length of specimen and end caps    = 3.128 in . 
Specimen length > 2. 975 in. 

Run 2 on 
Specimen 1 

80.2 2:35 0.0 0.00 0.0 0.0 
208 3:00 1.7 0.54 0.04 0.58 
408 3:30 4.7 1.51 0.10 1.61 
585 -45 7.8 2.50 0.16 2.66 
810 4:05 11.5 3.68 0.26 3.94 

1005 4:25 15. t? 4.80 0.29 5.09 
447 5:15 5.3 1.70 0.11 1.81 
370 5:35 4.2 1.34 0.09 1.43 
72.7 8:00 0.0 3.00 0.0 0.0 

Note:   Initial length of specimen and end Oxpe ■ 3.122 lnui 
Final length of specimen and end caps a   3.122 inch 
Specimen length • 2. 975 inch 
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Table 96 

The Thermal Expansion of the Titanium Alloy Ti-5Al-5Sn-5?r-lMo-l V 
in Sheet   Form Parallel to the Rolling Direction Using a Quartz Dilatometer 

Unit Elongation Corrected 
Observed Observed Correction for Specimen 

Total Unit Dilatometer Unit 
Temperature Elongation 

10'^ in. 
Elongation Motion Elongation 

°F Time It/'   in./in. lO"3 in./in. 10-3in./in. 

Run 1 on 
Specimen 1 

78.0 10:30 0.0 0.0 0.0 0 0 
200 11:25 1.4 0.44 0.04 0.48 
426 12:20 4.8 1.52 0.11 1.63 
580 12:55 7.4 2.35 0.16 2.51 
T02 1:25 11.0 3.49 0 22 3.71 

1004 1:55 14.3 4.54 0.28 4.82 
676 2:25 8.4 2.67 0.19 2.86 
385 3:05 3.6 1.14 0.1C 1.24 
75.2 4:20 -0.6 -0.19 0.0 -0.19 

Note:    Initial length of specimen and end c; ips = 3.149 in. 
Final length of specimen and end :aps   x 3.149 in. 
Specimen length . 2. 999 in. 

Run 2 on 
Specimen 1 

77.8 12:25 0.0 0.0 0.0 0.0 
216 1:05 1.9 0.60 0.04 0.64 
414 1:35 4.9 1.56 0.10 1.66 
609 1:50 8.2 2.61 0.17 2.76 
795 2:10 11.5 3.86 0.22 3.88 

1010 2:40 15.2 4.84 0.28 5.12 
834 2:55 12.1 3.85 0.23 4.08 
717 3:05 9.9 3.15 0.20 3.35 
484 3:55 5.9 1.88 0.13 2.01 
77.0 8:00 0.2 0.06 0.0 0.06 

Note:    Initial length of specimen and end caps - 3.143 in :h 
Final length of specimen and end caps   r 3.143 in ;h 
Specimen length = 2. 999 inch 
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Table 97 

in «Ulf JhernÜf1 ExPan8lon of 'he Titanium Allov Ti-5Al-5Sn-5Zr-l Mn Iv 
in Sheet Form Transverse to the Rol,ing Direct U^^Tm^L 

Temperature 

Run 1 on 
Specimen 1 

75. 5 
233 
421 
503 
576 
704 
847 

1007 
789 
385 
77.0 

Time 

8:00 
8:35 
9:05 
9:28 
9:45 

10:15 
10:40 
11:10 
11:25 
12:20 
8:00 

Observed 
Total 

Elongation 
10     in. 

0.0 
2.2 
4.9 
6.2 
7.3 
9.4 

11.7 
14.6 
10.6 
3.5 

-0.5 

Observed 
Unit 

Elongation 
10"* in./in. 

Note: Initial length of specimen and end caps 
Final Jeigth of specimen and end caps 
Specimen length = 3. 001 in. 

Run 2 on 
Specimen 1 

78.5 
206 
406 
578 
716 
812 

1007 
714 
493 
325 
78.0 

9:25 
9:55 

10:20 
10:45 
11:00 
11:15 
12:4f 
1:J5 
1:30 
2:05 
8:00 

0.0 
1.7 
4.7 
7.6 

lö.l 
11.7 
15.2 
9.7 
6.0 
3.6 
0.2 

0.0 
0.70 
1.56 
1.98 
2.33 
3.00 
3.73 
4.65 
3.38 
2.12 

•0.18 

3.137 in. 
3.137 in. 

Unit Elongation 
Correction for 
Dilatometer 

Motion 
10-» in./in. 

0.54 
1.49 
2.42 
3.21 
3.72 
4.83 
3.08 
1.91 
1.14 
0.06 

Note: Initial length of specimen and end caps a 3.144 inch 
Final length of specimen and end caps s 3.144 inch 
Specimen length » 3.001 inch 

0.0 
0.05 
0.11 
0.14 
0.16 
0.20 
0.24 
0.28 
0. 22 
0.09 
0.0 

0.0 
0.04 
0.10 
0.16 
0.20 
0.23 
0.28 
0.20 
0.13 
0.08 
0.0 

Correctad 
Specimen 

Unit 
Elongation 

JO-^n./in. 

0.0 
0.75 

67 
12 
49 
20 
97 
93 
60 

1.21 
-0.16 

0.0 
0.58 
1.59 
2.58 
3.41 
3.95 
5.11 
3.28 
2.04 
1.22 
0.06 
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Table 98 

The Thermal Expansion of the Titanium Alloy Ti-6Al-2Sn-4Zr-2Mo 
in Sheet Form Parallel to the Rolling Direction Using a Quartz Dilatometer 

Temperature 
'F 

Run 2 on 
Specimen 1 

80.5 
239 
91.5 

222 
421 
597 
812 

1010 
672 
483 
77.5 

Time 

10:00 
10:35 

1:00 
1:38 
2:10 
2:35 
3:05 
3:55 
4:20 
4:40 
8:00 

Observed 
Total 

Elongation 
10 "* in. 

0.0 
1.9 
0.0 
1.8 
4.8 
7.4 

11.9 
14-3 
8.4 
5.3 
Ö.0 

Observed 
Unit 

Elongation 
10"' in./in. 

0.0 
0.80 
0.0 
0.57 
1.52 
2.35 
3.77 

54 
66 
68 
0 

Note: Initial length of specimen and end caps s 3.153 in. 
Final length of specimen and end caps = 3.153 in. 
Specimen length s 3, 001 in 

Run 3 on 
Specimen 1 

Unit Elongation 
Corf action for 
Dilatometer 

Motion 
10"» in./in. 

78.0 
224 
410 
590 
808 
1009 
537 
78.0 

(1:45 
10:20 
10:50 
11:15 
11:45 
12:20 
1:05 
7:50 

0.0 
1.8 
4.7 
7.6 

11.4 
15.1 
6.9 
0.3 

0.Ü 
0.57 
1.49 
2.41 
3.62 
4.80 
2.19 
0.10 

Note: Initial length of specimen and end caps = 3.14? Inch 
Final length of specimen and end caps - 3.148 inch 
Specimen length s 3.001 inch 

0.0 
0.05 
0.0 
0.04 
0.11 
0.16 
0.23 
0.28 
0.19 
0.\3 
0.0 

0.0 
0.05 
0.10 
0.16 
0.21 
0.28 
0.14 
0.0 

Corrected 
Specimen 

Unit 
Elongation 
Win,/in. 

0.0 
0.65 
0.0 
0.81 

63 
51 
00 
82 
85 
81 
0 

CO 
0.62 
1.59 
2.57 
3.85 
5.08 
2.33 
0.10 
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Table 99 

The Thermal Expansion of the Titanium Alloy Ti-6Al-2Sn-4Zr~2Mo 
in Sheet Form Transverse to the Rolling Direction Using a <Vua~tz Dilatometer 

Unit Elongation Corrected 
Observed Observed Correction for Specimen 

Total Unit Dilatometer Unit 
Temperature Elongation 

10"1 in. 
Elongation Motion Elongation 

•F Time 10'' in./in. 10"» in./in. lQ-'in./in. 

Run 1 on 
Specimen 2 

77.5 8:00 0.0 0.0 0.0 0.0 
244 8:35 2.2 0.70 0.05 0.75 
404 9:10 4.7 1.50 0.10 1.60 
610 9:47 8.0 2.55 0.17 2.72 
793 10:10 10.4 3.31 0.22 2.53 

1001 11:16 13.7 4.37 0.28 4.65 
781 11:35 10.1 3.22 0.22 3.44 
337 12:37 3.0 0.98 0.08 1.04 
90.3 1:20 0.0 0.0 0.0 0.0 

Note:   Initial length of specimen and end ca; >s = 3.137 in. 
Final length of specimen and end cap s = 3.137 in. 
Specimen length « 3. 001 inch 

Run 2 on 
Specimen 1 

80.0 10:25 0.0 0.0 0.0 0.0 
217 10:55 1.7 0.54 0.04 0.58 
410 11:15 4.8 1.53 0.10 1.63 
581 11:35 7.6 2.42 0.18 2.58 
796 12:25 11.1 3.53 0.22 3.75 

1004 1:00 14.7 4.67 0.28 4.85 
886 1:25 9.5 3.02 0.19 3.21 
374 2:00 5.0 1.59 0.09 1.68 
77.5 8:00 -0.2 0.06 0.0 0.06 

Note:   Initial length of specimen and end ci ips ■ 3.144 inc h 
Final '.^ng'th of specimen and end ca ps   s 3.144 inc h 
Specimen length = 3.001 inch 
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Table 100 

The Thermal Expansion of the Titanium Alloy Tl-5A!-5Sn-57r 
in Bar Form Parallel to the Rolling Direction lining a Quartz Dilatnmeter 

Unit Elongation Corrected           ' 
Observed Observed Correction for Specimen 

Total Unit Dilatometer Unit 
Temperature Elongation 

10"1 in. 
Elongation Motion Elongation 

•F Time 10"3 in./in. 10"' in./in. lO-'in./in. 

Run 1 on 
Specimen 1 

83.5 1:05 0.0 0.0 0.0 0.0 
265 2:15 2.0 0.67 0.06 0.73 
330 2:30 3.0 1.00 0.08 1.08 
388 3:00 4.0 1.33 0.10 1.42 
436 3:07 4.7 1.57 0.11 1.68 
530 3:25 6.1 2.03 0.14 2.17 
593 3:35 7.7 2.37 0.16 2.53 
649 3:45 8.0 2.67 0.18 2.85 
736 3:57 9.5 3.17 0.20 3.37 
809 4:08 10.6 3.53 0.22 3.75 
852 4:14 11.2 3.73 0.24 3.97 
394 4:22 11.9 3.96 0.25 4.21 
938 4:28 12.7 4 23 0.26 4.49 

1009 4:35 14.0 4.66 0.29 4.95 
305 4:50 3.5 1.17 0.07 1.24 
278 4:51 2.9 0.97 0.06 1.03 
91.0 5:25 0.2 0.07 0.01 0.08 
71.8 6:15 0.0 0.0 0.0 0.0 

Kote:    Initial specimen length * 3. 001 inch. 
Final specimen length s 3. 001 inch. 

Run 2 on 
Specimen 1 

76.0 1:20 0.0 0.0 0.0 0.0 
147 1:52 0.9 0.30 0.02 0.32 
189 2:05 1.5 0.50 0.04 0.54 
?86 2:30 2.9 0.97 0.06 1.03 
404 3:00 4.5 1 50 0.10 1.60 
503 3:45 6.1 2.03 o.ir 2.16 
511 3:50 6.2 2.06 0.1b 2.19 

70 10:20 -0.1 -0.03 0.0 -0.03 
70 8:40 0.0 0.0 0.0 0.0 

144 9:05 0.7 0.23 0.02 0.25 
187 9:40 1.5 0.50 0.04 0.54 
258 10:00 2.5 0.83 0.06 0.89 
398 12:20 4.4 1.47 0.10 1.57 
577 10:35 7.4 2 47 0.15 2.62 
698 10:50 9.3 3 10 0.19 3.29 
790 11:08 10.6 3.53 0.22 3.75 
910 11:23 12.5 4.17 0.26 4.43 
974 11:33 13.7 4.57 0.28 4.85 

1004 11:44 14.1 4.70 0.28 4.98 
772 12:00 10.2 3.40 0.21 3.61 
638 12:20 8.0 2.67 0.17 2.84 
502 12:35 5.6 1.87 0.13 2.00 
458 12:55 5.1 1.70 0.12 1.82 
85 3-5 0.0 0.0 0.0 0.0 

Note:   Initial specimen length = 3.001 inch 
Final specimen length . 3.001 Inch 
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Table 101 

The Thermal Expansion of the Titanium Alloy Tl-679 
in Bar Form Parallel to the Rolling Direction Using a Quartz Dilatometer 

1 r,  
Unit Elongation Corrected 

Observed Observed Correction for Specimen 
Total Unit Dilatometer Unit 

Temperature Elongation 
10"^ in. 

Elongation Motion Elongation 
"F Time 10"s in./in. 10-* in./in. 10-sin./in. 

Run 2 on 
Specimen 1 

74.5 3:45 0.0 0.0 0.0 0.0 
148 4:07 0.9 0.30 0.02 0.32 
210 4:25 1.9 0.63 0.04 0.67 
296 4:47 3.1 1.03 0.07 1.10 
408 5:12 4.7 1.57 0.10 1.67 
503 5:40 6.1 ..03 0.13 2.16 
593 6:00 7.6 2.53 0.16 2.69 
704 6:35 9.5 3.17 0.20 3.37 
815 8:50 11.3 3.78 0.23 3.99 
890 7:10 12.5 4.16 0.25 4.41 
998 7:2* 14.5 4.83 0.28 5.11 

72 8:00 0.2 0.07 0.0 0.07 

Note:    Initial spc cimen lengtl i =3.001 in. 
Final specimen length : 3.001 In. 

Run 3 on 
Specimen 1 

80.3 12:20 0.0 0.0 0.0 0.0 
212 1:10 1.8 0.60 0.04 0.64 
406 1:35 4.8 1.60 0.10 1.70 
599 1:55 7.9 2.63 0.16 2.79 
797 2:15 11.4 3.80 0.22 4.02 
998 2:40 14.8 4.93 0.28 5.21 
774 3:00 10.8 3.60 0.22 3.82 
485 3:30 5.9 1.97 0.13 2.10 
312 4:10 3.2 1.07 0.07 1.14 
78.0 8:00 0.2 0.06 0.0 0.06 

1 Note:   Initial specimen length a 3.001 inch 
f              Final specimen length : 3.001 inch 
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Table  109 

Summary of Thermal Conductivity,  Thermal Expansion, 
and Specific Heat Determinations 

Total Tests fo^ 
Each Property 

6 
3 
3 
3 

a Thermal expansion determined for both transverse and longitudinal orienta- 
tions for the alloys in sheet form 

Temoerature 
Alloy Form Range - °F 

Ti-5Al-5Sn-5Zr Sheet and Bar RT to 1000 
Ti- 5A1- 5Sn- 5Zr- lMo- IV Sheet RT to 1000 
Ti-6Al-2Sn-4Zr-2Mo Sheet RT to 1000 
Ti-679 Bar RT to 1000 
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